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(54) POLYETHYLENE TEREPHTHALATE, AND STRETCHED HOLLOW MOLDING AND STRETCHED FILM MADE 



PURPOSE: To provide polyethylene terephthalate excellent in high-speed moldability and high in productivity, and to 
provide a molded article made therewith. 

CONSTITUTION: Polyethylene terephthalate is provided which comprises 96.0-99.0mol% repeating oxyethylene 
oxyterephthaloyl units and 1.0-4.0mol% repeating trioxyheptamethylene terephthaloyl units and which has an intrinsic 
viscosity of 0.60-0.90dl/g and a heat quantity at the exothermic peak in the falling-temperature crystallization curve 
measured with a scanning differential calorimeter of 7.0J/g or lower. 
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* NOTICES * 

- Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] . 
[Claim 1] The polyethylene terephthalate to which the heating value of the temperature fall crystallization exoergic 
peak which the rate of the oxyethyleneoxyterephthaloyl unit to ail composition repeating units is 96.0-99.0-mol %, and 
the rate of 1 to ail composition repeating units, 4, and 7-trioxa hepta methylene TEREFUTA roil unit is 1.0-4.0-mol the 
polyethylene terephthalate which is %, and (1) limiting viscosity measured with 0.60 - 0.90 dl/g and (2) differential scan 
type calorimeter comes out, and is characterized by 7 0 or less J/g of a certain thing. 

[Claim 2] The polyethylene terephthalate of the claim 1 characterized by the content of an annular trimer being 0.40 
or less % of the weight. 

[Claim 3] The extension blow molding object made from a polyethylene terephthalate which carries out extension blow 
molding of the polyethylene terephthalate according to claim 1, and changes in it injection molding or preforming which 
carri s out extrusion molding and changes. 

[Claim 4] The oriented film made from a polyethylene terephthalate which, on the other hand, extends a polyethylen 
terephthalate according to claim 1 to ** at least, and changes in it injection molding or the sheet-like object which 
carries out extrusion molding and changes. 

[Claim 5] The polyethylene terephthalate to which the heating value of the temperature fall crystallization exoergic 
peak which the rate of the oxyethyleneoxyterephthaloyl unit to all composition repeating units is 97.5-99.0-mol %, and 
the rate of 1 to all composition repeating units, 4, and 7-trioxa heptamethyiene TEREFUTA roil unit is 1.0-2.5-mol the 
polyethylene terephthalate which is %, and (1) limiting viscosity measured with 0.60 - 0.90 dl/g and (2) differential scan 
type calorimeter comes out, and is characterized by 7.0 or less J/g of a certain thing. 

[Claim 6] The extension blow molding object made from a polyethylene terephthalate which carries out extrusion 
molding, carries out extension blow molding of the polyethylene terephthalate according to claim 5, subsequently 
carries out heat setting, and changes injection molding or preforming which changes in it. 

[Claim 7] The oriented film made from a polyethylene terephthalate which, on the other hand, extends a polyethylene 
terephthalate according to claim 5 to ** at least, subsequently carries out heat setting, and changes in it an 
injection-molding or sheet [ which carries out extrusion molding and changes ]-like object. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to a bottle, a film, a sheet, etc. at a useful polyethylene terephthalate. 
[0002] 

[Description of the Prior Art] The polyethylene terephthalate (henceforth "PET") is excellent in a mechanical 
strength, chemical stability, transparency, sanitation nature, etc., and is used for wrapping broadly [ since it is 
lightweight and cheap ] as various kinds of sheets and a container, and its elongation as containers, such as a 
carbonated drink, a fruit-juice drink, a liquid seasoning, edible oil, alcohol, and wine, is especially remarkable. 
[0003] such a PET — for example, the case of a bottle — an injection molding machine — blow molding — preforming 
of the body and its function — fabricating — this preforming — the metal mold of a predetermined configuration — 
an extension blow is carried out inside moreover — the case of the content liquid which needs heat restoration like a 
fruit-juice drink — the blow — metal mold — inside or the metal mold formed separately — it is common to carry out 
heat setting further and to be fabricated by the bottle in inside 

[0004] on the other hand, about the making machine of these bottles, the large-sized injection molding machine which 
can fabricate much preforming by 1 time of the molding cycle conventionally, and the inclination for it to be markedly 
alike, and for a quick high-speed blow molding machine etc. to newly be introduced, or for blow molding speed to b 
replaced with the conventional making machine rather than before have become strong in recent years to raise 
productivity more 

[0005] In the high-speed blow molding machine, not only a blow process but the speed of the heating softening 
process of preforming with which a blow process is presented serves as a setup which carries out heating softening of 
the preforming in an elevated temperature and a short time from the conventional machine to make it quick. It is in a 
state [ that transparency is substantially held by non-** in preforming ], and it is required of a preforming heating 
softening process to extension temperature a temperature up and to make it soften. 

[0006] Although it is made to spread and the conventional PET has crystallinity desirable in the temperature field of 
the preforming heating softening process of the conventional b|ow molding machine, since crystallization speed is too 
quick under a hotter situation like the usual preforming heating softening process of a high-speed blow molding 
machine When preforming which fabricated the conventional PET and was obtained was fabricated in a bottle with a 
high-speed blow molding machine, crystallization advanced in the preforming heating softening process, and there was 
a trouble that the bottle obtained will milk or a haze will become high, therefore — the case where preforming which 
fabricated the conventional PET and was obtained is fabricated in a bottle using a high-speed blow molding machine 
— the conditions of a preforming heating softening process — the same temperature as the conventional machine, 
and time — it must set up — therefore, the processing speed of a blow process — the conventional machine — 
equivalent — until — not dropping — it was not able to obtain and the original productivity which a high-speed blow 
molding machine has was not fully able to be demonstrated 

[0007] It is known that the crystallinity of PET can be reduced by enlarging limiting viscosity of PET or on the other 
hand making [ many ] the amounts of copolymerization, such as a diethylene-glycol component, conventionally. 
However, there was [ become / high / melt viscosity / when limiting viscosity is enlarged ] a trouble that own thermal 
stability of PET falls when the amounts of copolymerization, such as a diethylene-glycol component, are made / many 
/ on the other hand, or the thermal resistance of a bottle and creep resistance which are acquired fell, by there being 
a trouble that a moldability falls or resin cost becomes high further. 

[0008] Moreover, for 1 50-1 85 degrees C and cooling crystallization peak-mesial-magnitude width of face, 20 degr es 
C or more and cooling crystallization peak inclination are [ the cooling crystallization peak temperature for which 
JP.61-39183.B was asked with the differential scan type calorimeter] 0.09 mcal/sec2. Main Japanese common 
chestnut which does not produce a cooling crystallization peak the following, or the blow molding object with which it 
obtains, and carries out and a unit consists of polyester which is PET is indicated. However, with this polyester, there 
was a trouble that the haze of a Plastic solid became large, on condition that high velocity forming by heating of an 
elevated-temperature short time. 
[0009] 

[Problem(s) to be Solved by the Invention] Since the purpose of this invention improved the crystallinity of the 
conventional PET, when high velocity forming is carried out, can suppress the increase in a white blush mark or a 
haze low, and also It has the conventional PET, an EQC or the thermal resistance beyond it, thermal stability, a 
mechanical strength, etc. since there are still few oligomer contents It is in offering the polyethylene terephthalate 
excellent in the high-velocity-forming nature which cannot cause contamination of metal mold etc. easily at the time 
of fabrication, and can fabricate a Plastic solid with few acetaldehyde contents easily. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, as a result of inquiring 
wholeheartedly, this invention persons found out the polyethylene terephthalate of the specific physical-properties 
range, and reached this invention. Namely, the rate of an oxyethyleneoxyterephthaloyl unit [ as opposed to all 
composition repeating units in the summary of this invention ] is 96.0-99.0-mol %. And the rate of a 1 to all 
composition repeating units, 4, and 7-TORIOKISHI heptamethylene tele phthaloyl unit is 1.0-4.0-mol the polyethylene 
terephthalate it is [ polyethylene terephthalate ] %. (1) It is related with the polyethylene terephthalate to which the 
heating value of the temperature fall crystallization exoergic peak which limiting viscosity measured with 0.60 - 0.90 
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dl/g and (2) differential scan type calorimeter comes out, and is characterized by 7.0 or less J/g of a certain thing, 
and the Plastic solid which comes to reach. 

[001 1] Hereafter, this invention is explained in detail. What is necessary is just to use the raw material used by 
well-known PET in PET of this invention about the terephthalic-acid component and diethylene-glycol component 
which constitute the 1 , 4, and 7-trioxa hepta methylene tele phthaloyl unit (henceforth "DT unit") which ar the 
* terephthalic-acid component which constitutes the oxyethyleneoxyterephthaloyl unit (henceforth " phemeris-time 

unit") .which is a main composition repeating unit, an ethylene glycol component, and a subslack composition repeating 

unit. 

[0012] About especially a diethylene glycol (henceforth "DEG"), since the byproduction of the part [ ethyl n glycol ] 
is carried out into polymerization reaction, the amount of DEG components is controllable only by choosing suitably a 
reaction condition besides in the case of using the specified quantity of DEG or its ester plasticity derivative as a 
polymerization raw material, an additive, etc. The ethylene glycol which is used as a raw material in the case of the 
well-known method performed in PET from the former as a method of controlling the amount of DEG components by 
the reaction condition, for example, the temperature of a reaction, time, a pressure, and the direct esterifying method, 
and the method of controlling by the preparation ratio of a terephthalic acid etc. are mentioned. Moreover, as an 
additive, little addition of the basic compounds, such as the 4th class ammonium of hydroxylation of tertiary amine, 
such as a triethylamine, tree n butylamine, and a benzyl dimethylamine, a hydroxylation tetraethylammonium, 
hydroxylation tetrabutylammonium, trimethylbenzylammonium hydroxide, etc. and a lithium carbonate, a sodium 
carbonate, potassium carbonate, and sodium acetate, can be carried out, and generation of DEG can be suppressed, 
for example. On the other hand, if little addition of the inorganic acids, such as a sulfuric acid, is carried out into a 
polymerization raw material, generation of DEG can be promoted and a content can also be made to increase, 
although it is not necessary to use especially the additive that controls these amounts of generation of DEG, 
supposing it is required — usually — all polymerization raw materials — you may use it in 0.005 - 1% of the weight of 
th range preferably 0.001 to 10% of the weight 

[001 3] the rate of ephemeris-time unit [ on PET of this invention, and as opposed to all composition repeating units ] 
— the rate of 96.0-99.0-mol % and DT [ as opposed to / are 96.5-98.5 mol % preferably, and / all composition 
repeating units ] unit — 1.0-4.0-mol % — it is 1.5-3.5-mol % preferably Since it is in the inclination for own thermal 
stability of PET to get worse clearly when the thermal resistance of an extension Plastic solid and creep resistance 
serv as a fall inclination when not filling ephemeris-time unit to 96.0-mol%, and when DT unit exceeds 4.0-mol %, and 
also DT unit exceeds 4.0-mol % especially, it is not desirable. 

[0014] On the other hand, since the problem that cannot fully fuse, an opaque white portion occurs in a Plastic solid, 
and uniform transparency is spoiled arises when the melting point of PET becomes high too much and melting 
fabrication is performed at high speed when ephemeris-time unit exceeds 99.0-mol %, and in not filling DT unit to 
1.0-mol%, it is not desirable. Moreover, in 1.0-4.0-mol the range which is %, the rate of ephemeris-time unit is suitabl 
[ the rate of the above-mentioned ephemeris-time unit ] for the rate of a 96.0-99.0-mol % and DT unit for the rate of 
a 97.5-99.0-mol % and DT unit as an object for heatproofs for mold goods which thermal resistance is good, carries 
out heat setting after fabricating a resin especially in the 1.0-2.5-mol range which is %, and changes, the carbonated 
drink with which especially severe thermal resistance is not demanded on the other hand since the rate of a 
96.0-97. 5-mol % and DT unit corresponds to the range which can make small especially the amount of byproductions 
of the acetaldehyde at the time of fabrication although the effect of the heat-resistant improvement by the heat 
setting after fabricating a resin itself tends to fall in the range whose rate of ephemeris-time unit is 2.5-4.0-mol % — 
business — it is suitable for molding materials, such as a bottle 

[0015] Furthermore, in the limitation which does not deviate from the requirements for composition of this invention, 
little copolymerization of the diol components other than dicarboxylic-acid components other than a terephthalic acid 
and ethylene glycol, and a diethylene glycol may be carried out, and they may be included. As these dicarboxylic-acid 
components, para hydroxybenzoic acid, para-hydroxybenzoic-acid ester, a glycolic acid, etc. are mentioned as 
- aliphatic dicarboxylic acids, such as an isophthalic-acid, phthalic-acid, 2, 6-naphthalene dicarboxylic-acid, 4, and 
4-diphenylsulfone dicarboxylic-acid, 4, and 4-biphenyl dicarboxylic acid, 1 ,3-phenylenedioxy diacetate and these 
structural isomers, a malonic acid, a succinic acid, and an adipic acid, oxy acid, or its derivative, moreover, an alicyclic 
glycol like aliphatic glycols, such as 1, 2-propanediol, 1, 3-propanediol, 1, 4-butanediol, a pentamethylene glycol, a 
hexamethylene glycol, and neopentyl glycol, and cyclohexane dimethanol as a diol component — aromatic dihydroxy 
compound derivatives, such as bisphenol A and Bisphenol S, etc. can be mentioned further The rate over all the 
composition repeating units of the composition repeating unit in which 2 functionality copolymerization components 
other than these terephthalic acids, ethylene glycol, and a diethylene glycol contain these components can use an 
amount from which all the carboxylic-acid components and all the hydroxy components of PET of this invention serve 
as equivalence substantially in less than [ 2.0 mol % ] and the range which becomes less than [ 1.0 mol % ] preferably. 
[001 6] As for the raw material used for PET of this inventions including an above-mentioned terephthalic acid and 
above-mentioned ethylene glycol, it is desirable for there to be as much as possible few amounts of the ash content 
at the time of ashing. deltaH of PET obtained, so that there are few amounts of ash content tends to become small. 
Next, in the mixed solvent of a phenol/tetrachloroethane (weight ratios 1/1), the limiting viscosity of PET of this 
invention is measured at 30 degrees C, and is the range of 0.70 - 0.80 dl/g preferably 0.60 to 0.90 dl/g. When PET 
obtained when limiting viscosity was less than 0.60 dl/g is made with mold goods, it cannot have practical sufficient 
intensity, moreover, the metal mold at the time of carrying out high-speed blow molding of the preforming which 
fabricates obtained PET and changes, when limiting viscosity exceeds 0.90 dl/g — since size enlargement nature is 
bad, it is not desirable 

[0017] Moreover, as a heat characteristic of PET of this invention, 7.0 or less J/g (henceforth "deltaH") of heating 
values of the temperature fall crystallization exoergic peak measured with the differential scan type calorimeter 
(henceforth "DSC") is the range of 2.0 - 5.0 J/g still more preferably 1.0 to 6.0 J/g preferably. This range is a value 
conventionally smaller than the thing of well-known general PET. In this invention, the temperature up of the 5.0mg of 
the PET samples is carried out to deltaH from a room temperature to 300 degrees C by part for 20 degrees-C/of 
programming rates in DSC. After soaking in liquid nitrogen and holding for 1 minute at the same time it takes out this 
sample outside promptly, after carrying out melting maintenance for 10 minutes at 300 degrees C continuously, leave 
it at a room temperature for for 30 minutes to 1 hour, and the sample which became a room temperature is returned 
to equipment. Again, a temperature up is carried out from a room temperature to 300 degrees C by part for 20 
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degrees-C/of programming rates, and after carrying out melting maintenance for 10 minutes at 300 degrees C 
continuously, the heating value of the exoergic peak originating in crystallization observed in -10-degree-C 
temperature fall process for /in temperature fall speed at the time of lowering the temperature and measuring in a 
part for -1 0-degree-C/in temperature fall speed is said. 

[0018] When deltaH is in the above-mentioned range, in case it is not only suitabl for high-speed blow molding, but 
^ high-speed m Iting fabrication of the preforming is carri d out, transparency is high and a haz has the featur which 
can obtain low preforming more easily than the conventional PET. Since it is in th inclination which the problem that 
the bottl with which it goes on, and crystallization blows and is acquired in a preforming heating softening process 
milks, or transparency is missing, and a haze becomes high produces when deltaH xceeds 7.0 J/g and high-speed 
blow molding is presented with preforming which fabricates PET and is obtained, it is not desirable. 
[0019] It is desirable for thereto be usually 240-257 degrees C in the range of 245-255 degrees C preferably about 
th melting point (henceforth "Tm") of PET of this invention on the other hand. In this invention, Tm means the 
temperature from, which the amount of endothermics around unit time serves as the maximum in the endothermic 
peak originating in the dissolution observed in the 2nd temperature up process measured on the measurement 
conditions of above-mentioned DSC. When Tm is in this range, it is easy to make still higher transparency of 
preforming obtained by carrying out high-speed melting fabrication of the PET of this invention. 
[0020] About the oligomer content of PET of this invention, it is preferably desirable that it is 0.30 or less % of the 
weight still more preferably 0.35 or less % of the weight 0.40 or less % of the weight as a content of the annular trimer 
which is the principal component of oligomer. In PET of this invention, when the content of an annular trimer is 0.40 or 
I ss % of the weight, the improvement of contamination, such as a cooling drum of an extruding press machine and 
metal mold of an injection molding machine or a blow molding machine, is accepted. 

[0021] In PET of this invention, it is preferably desirable [ the concentration (henceforth "AV") of an end carboxyl 
group ] that they are 15 or less eq/ton still more preferably 20 or less eq/ton 25 or less eq/ton. When AV of PET of 
this invention is in this range, while moisture resistance, thermal stability, etc. improve more, there is an inclination for 
the oligomer component content to fully be reduction-ized in solid-state-polymerization process in the case of 
manufacture of PET of this invention. 

[0022] Moreover, the density of PET of this invention is usually 1.380 g/cm3, when it measures at 23 degrees C with 
th density-gradient pipe which used the mixed solvent of a carbon tetrachloride / n-heptane. They are 1.390 g/cm3 
preferably above. It is desirable above that they are three or more 1.395 g/cm especially preferably. When density is 
in the above-mentioned range, it is in the inclination for the amorphous molar fraction of PET to be low, for solid state 
polymerization and heat treatment to come out enough, and for oligomer to fully be reduction-ized for a certain 
reason. 

[0023] Furthermore, it is usually preferably desirable about the content of the acetaldehyde of PET of this invention 
that it is below the 3 weight ppm still more preferably below the 5 weight ppm below the 7 weight ppm. The bad smell 
and nasty smell which originate in an acetaldehyde with food containers, such as a bottle, and since [ when the 
content of an acetaldehyde is in this range and PET of this invention is made with mold goods by high velocity 
forming, for example, ] neither the flavor of contents nor change of a scent is accepted further, it is very desirable. 
[0024] PET of the above this invention can be manufactured with sufficient productivity by performing solid state 
polymerization which follows a melting polymerization and it according to a well-known method from the former about 
PET. Hereafter, the manufacture method is described in detail. After performing a direct esterification reaction under 
pressurization, using a terephthalic acid and ethylene glycol as a melting polymerization method, while carrying out a 
temperature up further for example, it can consider as reduced pressure gradually and the method of carrying out the 
polycondensation of the reactant obtained after that further, the so-called DMT method, etc. can be mentioned by 
performing an ester exchange reaction using the method of carrying out a polycondensation reaction, the so-called 
TPA method and the ester derivative of a terephthalic acid, for example, dimethyl-terephthalate ester, and ethylene 
glycol. 

[0025] Although which melting polymerization method illustrated by the TPA method, the DMT method, etc. may be 
used as a melting polymerization method used for manufacture of PET of this invention, it is the TPA method 
preferably from the field of reduction-izing of the component used as productivity or a crystalline-nucleus agent. In 
melting polymerization reaction, when adding a DEG component, it can add at slurry manufacture of a terephthalic 
acid and ethylene glycol, an esterification reaction, an ester exchange reaction, or the arbitrary stages in early stages 
of a polycondensation reaction. For example, beforehand, the ester exchange reaction of a terephthalic-acid ester 
derivative and ethylene glycol may be performed/and the polycondensation of the DEG may be added and carried out 
to the ester exchange reaction object. 

[0026] Even if it carries out in one stage, you may perform such a polycondensation reaction by dividing into two or 
more step story. When carrying out on two or more step story, 250-290 degrees C of reaction temperature of the 
polycondensation of the 1st phase eye of a polycondensation reaction condition are usually 260-280 degrees C 
preferably, a pressure is usually 200 - 30mmHg preferably 500 to 20 mmHg, and 270-300 degrees C of temperature of 
the polycondensation reaction of a culmination are usually 275-295 degrees C preferably, and a pressure is usually 5 
- 0.5mmHg preferably ten to 0.1 mmHg. 

[0027] It is the range of the above [ the polycondensation reaction condition of the 1st step and the 2nd step ] when 
carrying out a polycondensation reaction in two stages, respectively, and when carrying out above a three-stage, th y 
are the conditions between the reaction conditions of eye the last stage from the 2nd step. For example, when a 
polycondensation reaction is carried out by the three-stage, 265-295 degrees C of reaction temperature of the 
2nd-step polycondensation reaction are usually 270-290 degrees C preferably, and a pressure is usually the range of 
40 - 5mmHg preferably 50 to 2 mmHg. Although especially a limit does not have the limiting viscosity which reaches in 
each of these polycondensation reaction processes, it is desirable that the degree of a rise of the limiting viscosity in 
each stage is distributed smoothly, and the limiting viscosity of the prepolymer further obtained from the 
polycondensation reactor of eye the last stage is usually 0.55 - 0.70 dl/g preferably 0.50 to 0.75 dl/g. When 
chip-ization becomes difficult in not fulfilling the 0.50 dl/g this range, and the limiting viscosity of a prepolymer 
exceeds 0.75 dl/g and it is hard to perform the draw of the prepolymer from a reaction can, the reduction effect of 
the oligomer at the time of presenting solid state polymerization decreases. Usually, a prepolymer is extracted in the 
shape of a strand from a melting state, and, subsequently is cut for a granular chip. 

[0028] As for such a granular chip, it is usually desirable to have a 2.2-4.0mm mean particle diameter preferably 
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2.0-5.0mm. It is desirable to use initial complements, such as an esterifi cation catalyst, an ster-interchange catalyst, 
a polycondensation catalyst, and a stabilizer, at the above esterification reaction, est r exchang reaction, and 
polycondensation reaction. 

[0029] However, although it is not necessary to use it since the terephthalic acid to be used serves as an 
autocatalysis of an esterification reaction especially, if there is an esterification catalyst with th need, a small 
amount of inorganic acid etc. can be used for it, for example. Although one or more sorts, such as the well-known 
* compound generally used for PET, for example, calcium, titanium, manganese, zinc, sodium, and a lithium compound, 
can b used as an ester-interchange catalyst, the viewpoint of transparency to especially a manganese compound is 
desirable. 

[0030] Although one or more sorts of compounds, such as the well-known compound generally used for PET, for 
example, germanium, antimony, titanium, and cobalt, can be used as a polycondensation catalyst, the compound of 
germanium or antimony is used preferably. A germanium compound is especially used preferably from the point of the 
transparency of PET obtained. As a compound of germanium or antimony, those oxides, an inorganic-acid salt, organic 
acid chloride, a halogenide, a sulfide, and glycol esters are illustrated. 

[0031] the amount of catalysts — an ester-interchange catalyst and a polycondensation catalyst — as the amount of 
metals — all the inside of a polymerization raw material — usually — the 5 - 2000 weight ppm — it is preferably used 
in the range of the 10 - 500 weight ppm When using a germanium compound especially, as for the amount used, it is 
desirable for the content of a germanium atom to usually use the 10 - 100 weight ppm and a suitable amount which 
serv s as the range of the 30 - 60 weight ppm preferably into PET after the prepolymer to manufacture or solid stat 
polymerization. Since the thermal stability of PET of this invention is good and also the reduction-ized speed and the 
solid phase rate of polymerization of the oligomer at the time of carrying out prepolymer solid state polymerization and 
manufacturing PET of this invention, and the degree of reduction of the amount of oligomer byproductions at the time 
of fabrication become still larger when the content of a germanium atom is in the above-mentioned range, it is more 
good. When using diacid-ized germanium in order to satisfy this range for example, although the diacid-ized germanium 
about 50 - 300 weight ppm is used by opposite polymer at the time of a melting polymerization, it can usually control 
by the ratio of the dicarboxylic-acid component of the temperature at the time of a polymerization, a pressure, 
polymerization time, and an esterification reactant, and a glycol component etc. separately. 

[0032] As a stabilizer, trimethyl phosphate, triethyl phosphate, Tree n-butyl phosphate, trioctyl phosphate, triphenyl 
phosphate, Phosphoric ester, such as tricresyl phosphate, triphenyl phosphite, Phosphorous acid ester, such as tris 
dodecyl phosphite and tris nonylphenyl phosphite Methyl acid phosphate, iso propylure JIDDO phosphate, Phosphorus 
compounds, such as alkyl acid phosphate, such as butyl acid phosphate, dibutyl phosphate, monobutyl phosphate, and 
dioctyl phosphate, and a phosphoric acid, phosphorous acid, hypophosphorous acid, and polyphosphoric acid, are 
desirable, a stabilizer — as the weight of the Lynn atom in a stabilizer — all the inside of a polymerization raw 
material — usually — the 10 - 1000 weight ppm — it is preferably used in the range of the 20 - 200 weight ppm 
[0033] When using a germanium compound as a polycondensation catalyst especially, it is desirable to use it so that it 
may usually become a 0.4 to 1.0 times as many range as this preferably 0.3 to 1 .5 times to the germanium atom which 
the Lynn atom contained in PET after a prepolymer and solid state polymerization contains collectively at a weight 
ratio. When the content of the Lynn atom is in this range, the thermal stability of PET obtained by carrying out solid 
state polymerization of a prepolymer and it becomes good especially. 

[0034] Furthermore, as a result of this invention persons' inquiring wholeheartedly, when using the TPA method as a 
manufacturing method of PET of this invention, it has found out that deltaH of PET obtained is controllable by 
controlling the addition time of the addition of a germanium compound or phosphorus compounds and a raw material 
slurry and an esterification reactant, or an initial polycondensation object, i.e., a PET precursor. Below, a detail is 
explained. 

[0035] Concerning [ both ] the addition of a germanium compound or phosphorus compounds, as few, deltaH of PET 
obtained tends to become smaller. However, if it is the addition of a germanium compound or phosphorus compounds 
from-which the concentration of the germanium- atom contained in PET or the Lynn atom serves as the 
abov -mentioned range, even if it will not lessen especially the addition of a germanium compound or phosphorus 
compounds, PET of this invention can be easily obtained only by optimization of those addition time. 
[0036] Moreover, about the addition time to the PET precursor of a germanium compound or phosphorus compounds, 
addition time is expressed as a rate of esterification of the PET precursor in the time of these compounds being 
add d. As the difference of the rate of esterification of the PET precursor with which a germanium compound and 
phosphorus compounds are added is large, deltaH of PET obtained tends to become smaller. As the absolute value 
(henceforth "GP value") of the difference of the inverse number square value of the rate of un-esterifying of the 
reactant in the time of a germanium compound being added and the inverse number square value of the rate of 
un-esterifying of the reactant in the time of phosphorus compounds being added is large more strictly, deltaH of PET 
obtained tends to become smaller. 

[0037] This invention persons devise the above-mentioned GP value as what shows the relative addition situation of a 
germanium compound and phosphorus compounds, and it is computed using the following formula (1) from the rate of 
esterification of the PET precursor in the time of a germanium compound being added, and the rate of esterification of 
the PET precursor in the time of phosphorus compounds being added. 
GP=|(1-R1 /100)-2-(1-R2 /100)-2| (1 

It sets at an above-mentioned ceremony (1), and is R1. It is the rate of esterification of the reactant by which a 
germanium compound is added (unit : Eq %), and is R2. It is the rate. of esterification of the reactant by which 
phosphorus compounds are added (unit : Eq %). It is R1 when a germanium compound and phosphorus compounds are 
especially added in a raw material slurry. R2 If it carries out, the rate of esterification of the reactant by which the 
raw material slurry containing this compound is added is used. 

[0038] GP value computed by the above-mentioned formula (1) can usually manufacture PET of this invention 20 or 
more preferably ten or more by the melting polymerization under the conditions which become 30 or more preferably 
especially, and the solid state polymerization which follows it. In addition, respectively, it may bundle up, you may add 
to a reactant, and a germanium compound and phosphorus compounds may be added in 2 steps or more to the 
reactant of the stage where the rates of esterification differ. Since the crystallinity of PET obtained can be more 
easily controlled finely when adding a germanium compound and phosphorus compounds in 2 steps or more, it is more 
desirable. What is necessary is to compute GP value to the combination of addition of all germanium compounds and 
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phosphorus compounds, and just to make it smallest GP value of them become above-mentioned within the limits, 
when a germanium compound and phosphorus compounds divide into multiple times and are add d. 
[0039] In a formula (1 ), furthermore, having dared have expressed addition time at the rate of esterification of not time 
but the PET precursor at the time of addition for example, when a germanium compound and phosphorus compounds 
are added in a raw mat rial slurry Sjnce a difference was not accepted in deltaH of PET obtained even if it changed 
; time and it divided a germanium compound and phosphorus compounds, resp ctively, even if it added simultaneously, 
and it added, It is not appropriat to express addition time by time, and it is because it thought it more desirable to 
expr ss as a rate of esterification of the PET precursor at the tim of addition. 

[0040] Manufactur of PET of this inv ntion is used as a polycondensation catalyst, a phosphoric acid is used for 
b low as 2 germanium dioxides and a stabilizer, and it explains in full detail further by making into an example the case 
wh re it carries out by the TPA method. As a manufacturing facility which manufactures PET of this invention by the 
TPA method, although any of a continuous system melting polymerization facility or a batch-process melting 
polymerization facility are sufficient, it is a continuous system melting polymerization facility more preferably from 
fields, such as productivity and quality stability. 

[0041] It is a polymerization facility with which manufacture and supply, esterification reaction, and polycondensation 
reaction of a raw material slurry are performed simultaneously continuously, and a continuous system melting 
polymerization facility is equipment which extracts manufactured PET from a reactor and is used as a product while it 
reacts supplying a raw material slurry regularly. Therefore, for the raw material slurry tub of a continuous system 
melting polymerization facility, each reaction vessel, and transfer piping that connects them, unless a reaction 
condition is changed extremely, the rate of esterification of the reactant which exists in inside is simultaneously 
regularity according to the process. Then, what is necessary is to grasp the rate of esterification in each process 
beforehand, to form the continuation addition equipment of a catalyst and a stabilizer in a suitable process, for 
example, a raw material slurry tub, each reaction vessel, transfer piping that connects them, and just to perform 
addition of 2 germanium dioxides or a phosphoric acid for it regularly, in order to control deltaH of PET obtained, in 
case PET is manufactured with a continuous system melting polymerization facility. Furthermore, if the continuation 
addition equipment of a catalyst and a stabilizer is formed in two or more above-mentioned processes, respectively 
and those additions are controlled, deltaH of PET obtained can be controlled more finely. 

[0042] On the other hand, since supply, esterification reaction, and polycondensation reaction of a raw material slurry 
are serial or the polymerization facility performed half-in succession, as for a batch-process melting polymerization 
facility, unlike a continuous system melting polymerization facility, the rate of esterification of the reactant in each 
reaction vessel changes with reaction time. Then, what is necessary is to form the addition mouth and addition 
equipment of a catalyst and a stabilizer in a raw material slurry tub, each reaction vessel, and transfer piping that 
connects them, and just to perform addition of 2 germanium dioxides or a phosphoric acid in the stage from which the 
reactant became a predetermined rate of esterification, in order to control deltaH of PET, in case PET is 
manufactured with a batch-process melting polymerization facility. These addition can set up addition time by 
reaction time by grasping beforehand the relation of the rate of esterification of reaction time, and a reactant. Since 
the rate of esterification of a reactant changes with reaction time, in a batch-process melting polymerization facility 
th addition mouth or addition equipment of a catalyst and a stabilizer If it is in one esterification reaction vessel at 
least, although a catalyst and a stabilizer can be divided into multiple times, respectively, it can add to the reactant 
from which the rate of esterification differs and deltaH of PET obtained can be controlled more finely By forming the 
addition mouth or addition equipment of a catalyst and a stabilizer in two or more above-mentioned processes, 
respectively, deltaH of PET obtained can be controlled more broadly. 

[0043] the 2 germanium dioxides and phosphoric acid which are used with an above-mentioned continuous system 
melting polymerization facility or a batch-process melting polymerization facility — usually — as it is — or — 
although used in the state where it was made to dissolve in solvents, such as water or ethylene glycol, — desirable — 
water or an ethylene glycol solution — it is an ethylene glycol solution especially preferably It is more desirable to 
-dissolve in a solvent-and to add; since control of-an addition may become difficult- si nee there are very few amounts to 
add when adding in the state as it is, and the dispersibility in the inside of the reactant the top where it is difficult to 
perform addition operation continuously since especially 2 germanium dioxides are usually fine particles, and after 
addition, and solubility may become bad. Moreover, although there is especially no problem in adding to a raw material 
slurry or the small esterification reactant of the rate of esterification, in case a germanium catalyst solution is 
solution, since a problem and a bird clapper have decline in the rate of esterification by hydrolysis of a reactant in 
adding to a reactant with the large rate of esterification, it should be careful. 

[0044] It dilutes with ethylene glycol and the ethylene glycol solution of a phosphoric acid should just prepare th 
phosphoric acid which can usually come to hand, for example, 85%-phosphoric-acid solution, so that the concentration 
of the Lynn atom may usually become about 0.03 - 3.0 % of the weight. What is necessary is just to use the method of 
distilling off and preparing water under heating, once it adds ethylene glycol for a well-known method, for exampl , the 
method of dissolving 2 germanium dioxides in ethylene glycol directly under heating, or 2 germanium dioxides after 
dissolving in hot water from the former as a method of preparing the ethylene glycol solution of 2 germanium dioxides. 
By these methods, the ethylene glycol solution of 2 germanium dioxides usually prepared by 0.05 - 1.0% of the weight 
of the range is used for a melting polymerization as concentration of a germanium atom. In addition, although a part or 
all of 2 germanium dioxides reacts with ethylene glycol and glycoxyde, the ethylene screw oxide, and the bird clapper 
are known when the ethylene glycol solution of 2 germanium dioxides is prepared by such method, in this invention, 
the ethylene glycol solution with which the reactant with these ethylene glycol was contained is also named the 
ethylene glycol solution of 2 germanium dioxides generically. 

[0045] In PET of this invention, although there is especially no need, as long as it is required, copolymerization of the 
little polyfunctional component of three or more organic functions may be carried out. Although the well-known 
compound used for general from the former at PET can be used as a polyfunctional component of three or more 
organic functions For example, trimellitic acid, a trimesic acid, pyromellitic acid, and these structural isomers, Or the 
anhydride of these multifunctional compounds, a nuclear-substitution object, TORIMECHI loan ethane, Many hydroxy 
compounds, such as a trimethylol propane, a glycerol, and a pentaerythritol, And the glycidyl ether of the ester 
formation nature derivative of the above multifunctional compound of three or more organic functions and an aromatic 
dihydroxy compound like bisphenol A diglycidyl ether etc. can be mentioned/all the monomeric unit components from 
which the polyfunctional component of these three or more organic functions constitutes PET of the range in which 
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gelling does not advance substantially, i.e., this invention, — receiving — usually — less than [ 1.0 mol % ] — in the 
range not more than 0.5 mol %, copolymerization may be carried out preferably When copolymerization of the 
polyfunctional component of three or more organic functions of the suitable amount of abov is carried out to PET of 
' this invention, it is in the inclination for melt viscosity to become high as compared with the case where 
copolymerization of the polyfunctional compon nt is not carried out, in th same limiting viscosity. 
i [0046] Furthermore, in PET of this invention, unless it will deviate from th requirements for composition of this 

invention if required although there is esp cially no need, it is also possible to carry out little copolymerization of the 
single organic-functions component. As a compound used as a single organic-functions component, mo nofu notional 
compounds, such as t-butyl benzoic acid, a benzoylbenzoic acid, a stearyl acid, benzyl alcohol, and a stearyl alcohol, 
can be mentioned, for example, all the monomeric unit components that constitute PET of this invention in using it, 
although it is not necessary to use especially these monofunctional compounds — receiving — usually — less than 
1 .0 mol % ] — in the range not more than 0.5 mol %, it is used preferably It is easy to stop the amount of 
byproductions of the oligomer at the time of fabrication few by copolymerizing a single organic-functions component. 
[0047] As mentioned above, with PET of this invention which presents solid state polymerization with this prepolymer, 
and is obtained, although contents, such as a composition repeating unit of the prepolymer manufactured by the 
melting polymerization and a germanium atom, and the Lynn atom, are substantially the same In a detail, more 
contents, such as these germanium atom and the Lynn atom Depending on conditions, such as the conditions at the 
time of solid state polymerization, for example, temperature, time, a pressure, and an inert-gas flow rate, about 0 - 
10% of amount may decrease in solid state polymerization to the content of each [ these ] atom of a prepolymer, 
respectively. 

[0048] About AV of a prepolymer, it is usually desirable for there to be 1 3 - 30 eq/ton in the range of 1 5 - 25 eq/ton 
still more preferably preferably ten to 40 eq/ton. When AV is in this range, the solid phase rate of polymerization at 
the time of presenting solid state polymerization with this prepolymer is quick, and since the reduction effect of 
oligomer is large, it is very desirable. 

[0049] What is necessary is for control of the method of the last esterifi cation of controlling AV currently performed 
by the melting polymerization of PET from the former, for example, the rate of esterifi cation reaction time, the 
temperature of an ester exchange reaction or polycondensation reaction time, a pressure, time, etc. just to perform 
control of AV of a prepolymer. PET of this invention may be the prepolymer chip itself obtained by the melting 
polymerization as mentioned above, and may perform solid phase polymerization to this prepolymer chip further. 
Especially, when it is required for limiting viscosity to be 0.7 or more dl/g to PET of this invention, and when it is 
required for there to be few oligomer contents and acetaldehyde contents, as for PET of this invention, it is desirable 
that it is the thing which comes to give solid phase polymerization to a prepolymer chip. 

[0050] After it heats the prepolymer chip with which solid state polymerization is presented to low temperature and it 
performs preliminary crystallization from the temperature which may be made to absorb moisture under water, a 
steam, or steam content inert gas atmosphere, and may carry out gas conditioning, and performs a solid phase 
polycondensation beforehand, you may supply it to a solid phase polycondensation process. Such a preliminary 
crystallization process is dryness about a prepolymer chip, usually 120-200 degrees C, It can also carry out by heating 
for about 4 hours, desirable — the temperature of 130-180 degrees C - during 1 minute — Under a steam or steam 
content inert gas atmosphere, usually, this chip can be heated more than for 1 minute in temperature of 120-200 
degrees C, and can also be performed, or further It is made to absorb moisture under water, a steam, or steam 
content inert gas atmosphere, and usually, the prepolymer chip which carried out gas conditioning can be heated to 
the temperature of 1 20-200 degrees C more than for 1 minute, and can also be performed to it. Gas conditioning of a 
prepolymer is carried out so that the water content of a prepolymer may usually serve as 0.1 - 0.5% of the weight of a 
range preferably 0.01 to 1% of the weight. By presenting a crystallization process and a solid-state-polymerization 
process with the prepolymer chip containing moisture, it is possible to reduction-ize further the amount of the 
acetaldehyde contained in PET of this invention. 
— [0051] The solid-state-polymerization process to which the above prepolymer chips are supplied It consists of at 
least one step, and 190-240 degrees C of polymerization temperature are usually 195-235 degrees C preferably, the 
case of an inert gas flow method — a pressure — usually — 1 kg/cm2 — preferably G to 10 mmHg Under the 
conditions of 0.5 kg/cm2 G - lOOmmHg, it carries out under inert gas atmosphere, such as nitrogen, an argon, and a 
carbon dioxide, and a pressure is usually preferably carried out under the conditions of 0.01 - lOOmmHg 0.01 to 300 
mmHg in a reduced pressure method. Although solid-state-polymerization time reaches desired physical properties for 
a short time so that temperature is high, it is usually 5-30 hours preferably for 1 to 50 hours. 

[0052] PET of this invention obtained as mentioned above can fabricate the wrapping of a film, a sheet, a container, 
and others by PET using the melting fabricating method generally used. Moreover, it is possible by extending this PET 
to at least 1 shaft orientations to improve a mechanical strength. In manufacturing an oriented film, the equipment 
which comes to carry out extension processing of the sheet formed from PET of this invention, and is conventionally 
used for sheet fabrication and extension processing of PET can be used. Specifically, a non-extended sheet is once 
fabricated with extrusion molding or injection molding, in succession, it is reheated separately and extension 
processing is performed. Since the crystallinity of the conventional PET is improved, PET of this invention is easy to 
obtain the high non-extended sheet of transparency also in high-speed melting fabrication. Although what is 
necessary is just to set extension temperature as the temperature used by the conventional PET, 70-160 degrees C 
is usually preferably set as the range of 90-140 degrees C that what is necessary is just to set up in more detail 
between the glass transition temperature of PET of this invention, and temperature higher 70 degrees C than it. Since 
crystallinity is improved as compared with the conventional PET, even if PET of this invention sets up more highly 
about 10-30 degrees C of temperature of a heating heater, carries out the temperature up of the non-extended sheet 
to the above-mentioned extension temperature more for a short time and performs high-speed extension processing 
from the case where it is the conventional PET, its transparency of the oriented film obtained is high, and it can 
perform good extension processing. 

[0053] Although one shaft or two shafts are sufficient as extension, it is biaxial stretching from the point of film 
practical use physical properties preferably, if it will usually be preferably performed in the 1.5 to 8 times as many 
range as this 1.1 to 10 times if draw magnification is the case of uniaxial stretching, and it is the case of biaxial 
stretching — lengthwise and a longitudinal direction — each — what is necessary is just to usually [1.1 to 8 times as 
many as this ] carry out in the 1 .5 to 5 times as many range as this preferably moreover, the ratio of the lengthwise 
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draw magnification to longitudinal direction draw magnification — usually — 0.5-2 — it is 0.7-1.3 preferably 
[0054] Although the obtained oriented film remains as it is and can be used, heat setting of it can be carried out 
further, and it can also improve thermal resistance and a mechanical strength, the temperature usually directly under 
the bottom 1 20-degree-Cof tonus - melting point in heat setting — it is the range of 150-230 degrees C preferably, 
and is usually preferably carried out for [ for / dozens of seconds / - ] several minutes for for several seconds to 
^ several hours In manufacturing a blow molding object, the equipment which comes to carry out extension blow molding 
of the preforming formed from PET of this invention, and is conventionally used by the extension blow molding of PET 
can be used. Specifically, preforming is once fabricated by injection molding or extrusion molding, it remains as it is, or 
it is reheated after processing the stopper section and a pars basilaris ossis occipitalis, and 

biaxial-stretching-blow-molding methods, such as the hot-parison method or a cold parison process, are applied. 
[0055] Specifically, although the temperature of each part of a cylinder and the nozzle of a making machine, or a di is 
usually set as the range of 270-290 degrees C, generally the lowest possible temperature whose transparency and 
moldability of preforming which are obtained are fitness is adopted from the molding temperature of preforming, and a 
viewpoint which stops low heat deterioration and the amount of an acetaldehyde which carries out a byproduction. 
Since the crystallinity of the conventional PET is improved, PET of this invention is easy to obtain high preforming of 
transparency also in high-speed melting fabrication. 

[0056] Although what is necessary is just to set the extension temperature at the time of carrying out biaxial 
stretching blow molding of the preforming, and considering as a blow molding object as the temperature used by the 
conventional PET, 70-140 degrees C is usually preferably set as the range of 90-120 degrees C that what is 
necessary is just to set up in more detail between the glass transition temperature of PET of this invention, and 
temperature higher 50 degrees C than it. Since crystallinity is improved as compared with the conventional PET, even 
if PET of this invention sets up more highly about 10-20 degrees C of temperature of a heating heater, carries out the 
temperature up of the temperature of preforming to the above-mentioned extension temperature more for a short 
time and performs high-speed extension blow molding from the case where it is the conventional PET, its 
transparency of the extension blow molding object acquired is high, and it can perform good extension blow molding. 
What is necessary is to set draw magnification 1.5 to 3.5 times lengthwise, and just to usually, set it as the 2 to 5 
times as many range as this at a circumferencial direction. 

[0057] the case of the content liquid which needs heat restoration like especially a fruit-juice drink and oolong tea 
although the acquired blow molding object can be used as it is — general — further — a blow — metal mold — h at 
setting is carried out inside, and thermal resistance is used, giving further Usually, under tonus by the compressed air 

tc., heat setting is 120-180 degrees C preferably, and is preferably performed for [ for / several seconds / - ] 
several minutes 100-200 degrees C for for several seconds to several hours. 

[0058] furthermore, the non-extended sheet for oriented films which comes to carry out high-speed melting 
fabrication of the PET of this invention and extension blow molding — the body and its function — in precursors for 
high-speed extension fabrication, such as preforming, it is desirable for 163-185 degrees C (henceforth "Tc") of 
temperature up crystallization exoergic peak temperature measured in DSC to be usually in the range of 165-180 
degrees C preferably In this invention, with Tc, when the temperature up of the 5.0mg of the precursor samples for 
high-speed extension fabrication is carried out from a room temperature to 300 degrees C by part for 20 
degrees-C/of programming rates in DSC, it is observed. The temperature from which the calorific value around unit 
time serves as the maximum in the exoergic peak originating in crystallization is said. Since crystallization cannot take 
place easily in the process heated to extension temperature when Tc is in the above-mentioned range, and 
high-speed extension fabrication is presented with this precursor, it is easy to obtain the high extension Plastic solid 
of transparency by high-speed extension fabrication. Furthermore, the precursor for high-speed extension fabrication 
which has Tc of the above-mentioned range can be easily obtained by presenting melting fabrication with PET of this 
invention. 
[0059] 

[Example] Hereafter, although an example explains this invention to a detail further, this invention is not limited to th 
following examples, unless the summary is exceeded. In addition, the "section" means the "weight section" among 
this example. Moreover, the various measuring methods used by this example are shown below. In addition, the 
measuring method of limiting viscosity and the method of computing GP value which shows the relative addition 
situation of a germanium compound and phosphorus compounds are as above-mentioned. 

[0060] (1) The rate of the terephthalic-acid component to all dicarboxylic-acid components (henceforth "the amount 
of TPA components") 

The fixed quantity of the monomer object component generated after ** methanolysis by the conventional method 
was carried out by the gas chromatograph. 

(2) The rate of the ethylene glycol component to all diol components (henceforth "the amount of EG components") 
It understood an added water part by the conventional method, and the fixed quantity of the generated monomer 
object component was carried out by the gas chromatograph. 

[0061] (3) The rate of the diethylene-glycol component to all diol components (henceforth "the amount of DEG 
components") 

The fixed quantity was carried out by the gas chromatography like the above-mentioned amount analysis method of 
EG components. 

(4) The rate of the oxyethyleneoxyterephthaloyl unit to all composition repeating units (henceforth "ephemeris-time 
unit quantity") 

It asked by the product of the above-mentioned amount of TPA components, and the amount of EG components (unit 
: mol %). 

[0062] (5) The rate of 1 to all composition repeating units, 4, and 7-trioxa heptamethyiene TEREFUTA roil unit 
(henceforth "DT unit quantity") 

It asked by the product of the above-mentioned amount of TPA components, and the amount of DEG components 
(unit : mol %). 

(6) The heating value (henceforth "deltaH"), the melting point (henceforth "Tm"), and temperature up crystallization 
exoergic peak temperature (henceforth "Tc") of a temperature fall crystallization exoergic peak 
delta H, Tm, and Tc were measured on the measurement conditions as above-mentioned using the 9900 type (910) 
differential scan type calorimeter made from DuPont, respectively. 
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[0063] (7) Annular trimer content (henceforth "the amount of CTs") 

200mg of samples was dissolved in chloroform / 2ml of hexafluoro isopropanol (capacity factors 3/2) mixtures, and 
chloroform 20ml was added and diluted further. It filtered and filtrate was obtained, after adding methanol 10ml to this 
and re-depositing a sample. The analysis fixed quantity of the residue was carried out in the liquid chromatography 
after hardening this filtrate by drying about the liquid which dissolved in dimethylform amide 25ml. 
[0064] (8) End carboxyl group concentration (henceforth "AV") 

The heating dissolution of the 100mg of the samples was carried out at benzyl alcohol 5ml, chloroform 5ml was added 
to this, the Phenol Red was used as the indicator after dilution, it titrated with 0.1 N-sodium hydroxid / benzyl alcohol 
solution, and the fixed quantity was carried out (unit : q/ton). 
(9) Total carboxyl group concentration (henceforth "SV") 

0.5N-potassium hydroxide / 20ml of ethanol solutions, and 10ml of desalted water were added to 300mg of sampl s, 
under heating, it understood an added water part completely, the back titration was carried out by 0.5N-hydrochloric 
acid by having used the phenolphthalein as the indicator after cooling it radiationally, and the fixed quantity was 
carri d out (unit : eq/ton). 

[0065] (10) The rate of esterification (henceforth "R") 

From the analysis value of above AV and SV, it computed using the following formula 
R=(SV-AV)/SVx100 (unit : Eq %) 

(11) Germanium atom content (henceforth "the amount of germanium") 

The fixed quantity was carried out by emission spectrochemical analysis about what set the volume of 2.0g of PET 
samples at 100ml with distilled water after ashing and full decomposition by the conventional method under 
sulfuric-acid existence. 

(1 2) Lynn atom content (henceforth "the amount of P") 

The fixed quantity was carried out by emission spectrochemical analysis like analysis of a germanium atom content. 
[0066] (13) Haze (turbidity) 

It measured using the color computer made from SUGA Testing machine (HGM-2K type). 

(14) Acetaldehyde content (henceforth "the amount of AA") 

The fixed quantity was carried out by the gas chromatograph after 2-hour extraction [ water ] at 160 degrees C. 

(15) The amount of volume (liter) which converted into one atmospheric pressure and 25 degrees C the quantity of 
gas to which per [ unit time (1h) ] and per [ a unit resin weight (1kg) ] circulated showed the inert-gas flow rate 
inert-gas flow rate. 

[0067] The raw material slurry which consists of the example 1 terephthalic-acid 8450 section, the ethylene glycol 
3750 section, and the diethylene-glycol 60 section was prepared at the temperature of 50 degrees C under stirring. 
Subsequently, the screw (2-hydroxyethyl) terephthalate 300 section was added beforehand, and it was supplied on 
by one, having raw material applied [ above ] it to the esterification reaction vessel which held temperature at 260 
degrees C and held the pressure to 0.60 kg/cm2 G for 250 minutes. After the supply end, holding temperature at 260 
degrees C, it was in the state which lowered the pressure to 0.05kg [/cm ]2 G, and it held for 90 more minutes, the 
reaction was advanced, and the esterification reaction for a total of 340 minutes was performed. The temperature and 
the pressure of a reaction were controlled during this esterification reaction to become fixed, distilling off the water 
generated by the reaction out of a system. 

[0068] The ethylene glycol solution of the phosphoric acid whose concentration of a phosphoric-acid atom is 0.32 % of 
th weight which diluted 85%— phosphoric— acid solution with ethylene glycol, and prepared it during this esterification 
reaction (It is hereafter called "P stabilizer solution") The ethylene glycol solution (henceforth "germanium catalyst 
solution") 140 section of the germanium catalyst whose concentration of a germanium atom is 0.60 % of the weight 
which carried out solvent substitution and prepared the 1 50 sections and 2 germanium dioxides to ethylene glycol 
after dissolving in hot water was added to the esterification reactant. 

[0069] Addition of P stabilizer solution was carried out in 2 steps 85 minutes immediately after a raw material slurry 
supply end and after a raw material slurry supply end, and it added after [ of a raw.material slurry addition end ] the 
100 sections and 85 minutes immediately after the raw material slurry supply end, having applied the 50 sections for 1 
minute, respectively. In addition, the rate of esterification of the reactant in the time of P stabilizer solution being 
added was % at the 85.2Eq of the times of the addition immediately after a raw material slurry supply end, and it was % 
at the 95.3Eq of the times of the addition 85 minutes after a raw material slurry addition end. It added after [ of a raw 
material slurry supply end ] 10 minutes, having germanium catalyst covered it for 1 minute. In addition, 89.1 Eq of rates 
of esterification of the esterification reactant at the time of germanium catalyst solution addition was %. 
[0070] After moving to the polycondensation reaction vessel which made the whole quantity of a reactant 260 
degrees C beforehand after the esterification reaction end and stirring for 10 minutes under an ordinary pressure, 
while carrying out the temperature up gradually from 260 degrees C to 280 degrees C, it decompressed gradually from 
th ordinary pressure and held to 0.5mmHg. After performing the reaction in a polycondensation reaction vessel for 3 
hours, from the extraction mouth which prepared the generated prepolymer in the bottom of a polycondensation 
reaction vessel, it extracted in the shape of a strand, it cut in the shape of a chip after water cooling, and the 
prepolymer chip was obtained. The limiting viscosity of an outside prepolymer chip was 0.58 dl/g. In addition, the 
minimum GP value in this solution polymerization was 38.5. the gentle placement solid state polymerization after 
crystallizing this prepolymer chip front face at 150 degrees C with a stirring crystallization machine (Bepex type) 
furthermore — it moved to the column, solid state polymerization was carried out at 215 degrees C after 3-hour 
dryness by about 150 degrees C under 20l./nitrogen circulation of kg/h for 20 hours, and the 

solid-state-polymerization chip was obtained The analysis result of this solid-state-polymerization chip is shown in 
Table -1 . 

[0071] Making addition of an example 2P stabilizer solution into the 100 sections aft r [ of a raw material slurry 
addition end ] the 50 sections and 85 minutes immediately after the raw material slurry supply end, except having 
considered as the 140 sections after [ of a raw material slurry supply end ] 35 minutes, germanium catalyst solution 
performed melting polymerization reaction like the example 1, and obtained th prepolymer chip. The limiting viscosity 
of this prepolymer chip was 0.57 dl/g. In addition, the rate of esterification of the reactant in the time of P stabilizer 
solution being added was %% at the 84.9Eq of the 95.1 Eq of the times of the addition 85 minutes after a raw material 
slurry addition end at the time of the addition immediately after a raw material slurry supply end. Moreover, 92.8Eq of 
rates of esterification of the esterification reactant in the time of germanium catalyst solution being added was %. 
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Moreover, the minimum GP value in this melting polymerization was 149. Furthermore, using this prepolymer chip, 
except having made solid-state-polymerization time into 25 hours, solid phase polymerization was performed like the 
example 1, and the solid-state-polymerization chip was obtained. The analysis result of this 
solid-state-polymerization chip is shown in Table -1. 

[0072] Except having considered as the 100 sections at the polycondensation reaction v ssel, 5 minutes after moving 
addition of an example 3P stabilizer solution to the esterification reaction vessel after [ of a raw material slurry supply 
end ] 1 5 minutes and moving the 50 sections and the esterification reactant to the polycondensation reaction vessel, 
and having made addition of germanium catalyst solution into the 155 sections imm diately after the raw material 
slurry supply end, melting polymerization reaction was performed like the example 1, and th prepolymer chip was 
obtained. The limiting viscosity of this prepolymer chip was 0.57 dl/g. In addition, it was % at the 95.5Eq of the times of 
the addition 5 minutes after the rate of esterification of the reactant in the time of P stabilizer solution being added 
moves 90.2Eq of reactants to a polycondensation reaction vessel% at the time of the addition 15 minutes after a raw 
material slurry supply end. Moreover, 84.8Eq of rates of esterification of the esterification reactant in the time of 
g rmanium catalyst solution being added was %. Moreover, the minimum GP value in this melting polymerization was 
60.8. Subsequently, using this prepolymer chip, solid phase polymerization was performed like the example 1, and the 
solid-state-polymerization chip was obtained. The analysis result of this solid-state-polymerization chip is shown in 
Table -1. 

[0073] Except having added having applied simultaneously the P stabilizer solution 150 section and the germanium 
catalyst solution 140 section for 1 minute after [ of a raw material slurry supply end ] 10 minutes, and having 
performed addition of an example of comparison 1P stabilizer solution, and germanium catalyst solution, melting 
polymerization reaction was performed like the example 1, and the prepolymer chip was obtained. The limiting 
viscosity of this prepolymer chip was 0.58 dl/g. In addition, 88.8Eq of rates of esterification of the esterification 
reactant in the time of P stabilizer solution and germanium catalyst solution being added was %. Moreover, GP valu in 
this melting polymerization was 0. Subsequently, using this prepolymer chip, solid phase polymerization was perform d 
lik the example 1, and the solid-state-polymerization chip was obtained. The analysis result of this 
solid-state-polymerization chip is shown in Table -1 . 

[0074] Melting polymerization reaction was performed for example of comparison 2 diethylene glycol like the example 
1 except **** for the 180 sections, and the prepolymer chip was obtained. This prepolymer chip was limiting viscosity 
0.58 dl/g. In addition, the rate of esterification of the reactant in the time of P stabilizer solution being added was %% 
at the 84.9Eq of the 95.2Eq of the times of the addition 85 minutes after a raw material slurry addition end at the time 
of the addition immediately after a raw material slurry supply end. Moreover, 89.3Eq of rates of esterification of the 

sterification reactant in the time of germanium catalyst solution being added was %. Moreover, the minimum GP value 
in this melting polymerization was 43.5. Subsequently, using this prepolymer chip, solid phase polymerization was 
performed like the example 1, and the solid-state-polymerization chip was obtained. The analysis result of this 
solid-state-polymerization chip is shown in Table -1. 

[0075] Preforming was fabricated with the information-separator[ by Toshiba Corp. ]-60B type injection molding 
machine which set the temperature of each part of a cylinder, and a nozzle head as the degree of die cooling water 
temperature of 10 degrees C for molding-cycle 20 seconds for 275 degrees C, screw-speed 250rpm, and injection 
time 7 seconds using the solid-state-polymerization chip obtained in the example 4 example 1 . The analysis result of 
this preforming is shown in Table -2. In addition, this preforming excelled [ haze ] in transparency low, and the white 
blush mark or cloudiness which pose a problem were not seen. 

[0076] Subsequently, it is a blow pressurekg [ 20 //cm ] about preheating furnace temperature as preforming heating 
softening conditions considering 135 degrees C and the preheating time for 18 seconds and as blow conditions 2 Using 
the set-up extension blow molding machine, blow molding was performed and 300 micrometers of drum section 
average wall thickness and the hollow container of 1.51. of content volume were obtained. The analysis result of this 
hollow container is shown in Table -2. In addition, the white blush mark from which this hollow container is low, and a 
_haze is excellentjn transparency, and. poses_a problem. was. not accepted. moreover_--_although continuous molding of 
the 1000 hollow containers was carried out as a continuous-molding examination — injection — metal mold, and a 
blow/heat setting — contamination was accepted in neither of metal mold 

[0077] the solid-state-polymerization chip obtained in an example 5 and the six examples 2 and 3 — using — an 
example 4 — the same — carrying out — preforming — subsequently the hollow container was fabricated The 
analysis result of this preforming and a hollow container is shown in Table -2. In addition, when which 
solid-state-polymerization chip was used, preforming the haze excelled [ preforming ] in transparency low, and th 
hollow container were obtained, moreover, the case where which so I id- state-polymerization chip is used although th 
same continuous-molding examination as an example 4 was performed and the metal mold after fabrication was 
observed — injection — metal moid and a blow — contamination was accepted in neither of metal mold 
[0078] Using the so I id- state-polymerization chip obtained in the example 1 of example of comparison 3 comparison, 
preforming fabrication was performed like the example 4 and the haze obtained low high preforming of transparency 
good. The analysis result of this preforming is shown in Table -2. Subsequently, although the hollow container was 
fabricated like the example 4 using this preforming, on the whole, the obtained hollow container was milked, and the 
haze was what lacks in transparency highly. The analysis result of this hollow container is shown in Table -2. When it 
observed at which process a white blush mark would occur in the process which fabricates a hollow container from 
this preforming, it turns out that preforming is already generated at the process which carries out heating softening 
with a preheating furnace. Then, except having carried out heating softening of the preforming slowly at low 
temperature like the conventional machine again, having used the preheating time as 60 seconds having used 
preheating furnace temperature as 1 10 degrees C from this preforming, like the example 4, although the hollow 
container was fabricated, the hollow container which was excellent in the transparency whose haze value is 0.3% in 
this case was able to be obtained. 

[0079] Although preforming fabrication was performed like the example 4 using the solid-state-polymerization chip 
obtained in the example 2 of example of comparison 4 comparison, air bubbles were included in obtained preforming, 
even if these air bubbles adjusted molding temperature and the molding cycle, they could not be removed, and good 
fabrication was not able to be performed. It is thought that these air bubbles were produced by the pyrolysis of PET at 
the time of melting. In addition, the limiting viscosity of obtained preforming was 0 68 dl/g. 
[0080] 
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[0081] 
[Table 2] 
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[0082] The sheet with a thickness of 300 micrometers was fabricated with 30mmphi extruder which set the 
temperature of each part of a cylinder, and each part of a nozzle as a part for 280-degree-C, screw-speed 60rpm, 
and extrusion-outlet/of 120g using the solid-state-polymerization chip obtained in the example 7 example 1. Although 
extrusion molding was continued continuously for 10 hours, most contamination of a cooling drum was not accepted. 
Furthermore, with the long biaxial-stretching machine (T. product made from M.Long) which set this extrusion sheet 
as 1 30 degrees C in the tub, biaxial stretching was simultaneously increased 3x3 times after the preheating for 2 
minutes, and the oriented film thick 30 micrometers was obtained. 0.71 dl/g and the amount of CTs were 0.36 % of th 
weight, and the limiting viscosity of this oriented film was a film with the high transparency whose haze value is 0.2%. 
[0083] Fabrication of a biaxially oriented film was tried like the example 7 using the solid-state-polymerization chip 
obtained in the example 1 of example of comparison 5 comparison. When sheet fabrication with an extruder was able 
to be performed favorably and extrusion molding was continued continuously for 10 hours, most contamination of a 
cooling drum was not accepted. However, when biaxial-stretching processing of this extrusion sheet was carried out, 
the oriented film which the sheet milked at the time of a preheating, therefore was obtained became what lacks in the 
transparency whose haze value is 2.7%. In addition, the limiting viscosity of this oriented film was 0.71 dl/g. 
[0084] The raw material slurry which consists of the example 8 terephthalic-acid 8450 section and the ethylene glycol 
3790 section was prepared at the temperature of 50 degrees C under stirring. Subsequently, the screw 
(2-hydroxyethyl) terephthalate 300 section was added beforehand, and it was supplied one by one, having raw material 
applied [ above ] it to the esterification reaction vessel which held temperature at 260 degrees C and held the 
pressure to 0.60 kg/cm2 G for 250 minutes. After the supply end, holding temperature at 260 degrees C, it was in the 
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state which lowered the pressure to 0.05kg [/cm ]2 G, and it held for 90 more minutes, the reaction was advanced, 
and the esterifi cation reaction for a total of 340 minutes was performed. The temperature and the pressure of a 
reaction were controlled during this esterifi cation reaction to become fixed, distilling off the water generated by the 
reaction out of a system. 

[0085] The ethylene glycol solution of the phosphoric acid whose concentration of a phosphoric-acid atom is 0.32 % of 
the weight which diluted 85%-phosphoric-acid solution with ethylene glycol, and pr pared it during this esterification 
reaction (It is hereafter called "P stabilizer solution") The ethylene glycol solution (henceforth "germanium catalyst 
solution") 140 section of the germanium catalyst whose concentration of a germanium atom is 0.60 % of th weight 
which carried out solvent substitution and prepared the 150 sections and 2 germanium dioxides to ethylene glycol 
after dissolving in hot water was added to the esterification reactant. 

[0086] Addition of P stabil izer solution was carried out in 2 steps 85 minutes immediately after a raw material slurry 
supply end and after a raw material slurry supply end, and it added after [ of a raw material slurry addition end ] the 
100 sections and 85 minutes immediately after the raw material slurry supply end, having applied the 50 sections for 1 
minute, respectively. In addition, the rate of esterification of the reactant in the time of P stabilizer solution being 
added was % at the 85.0Eq of the times of the addition immediately after a raw material slurry supply end, and it was % 
at the 95.1 Eq of the times of the addition 85 minutes after a raw material slurry addition end. It added after [ of a raw 
material slurry supply end ] 10 minutes, having germanium catalyst covered it for 1 minute. In addition, 89.2Eq of rates 
of esterification of the esterification reactant in the time of germanium catalyst solution being added was %. 
[0087] After moving to the polycondensation reaction vessel which made the whole quantity of a reactant 260 
degrees C beforehand after the esterification reaction end and stirring for 10 minutes under an ordinary pressure, 
while carrying out the temperature up gradually from 260 degrees C to 280 degrees C, it decompressed gradually from 
the ordinary pressure and held to 0.5mmHg. After performing the reaction in a polycondensation reaction vessel for 3 
hours, from the extraction mouth which prepared the generated prepolymer in the bottom of a polycondensation 
reaction vessel, it extracted in the shape of a strand, it cut in the shape of a chip after water cooling, and the 
prepolymer chip was obtained. The limiting viscosity of this prepolymer chip was 0.58 dl/g. In addition, the minimum 
GP value in this melting polymerization was 41.2. furthermore, the gentle placement solid state polymerization after 
crystallizing this prepolymer chip front face at 150 degrees C with a stirring crystallization machine (product made 
from Bepex) — it moved to the column, solid state polymerization was carried out at 215 degrees C after 3-hour 
dryness by about 1 50 degrees C under 20l./nitrogen circulation of kg/h for 20 hours, and the 

solid-state-polymerization chip was obtained The analysis result of this solid-state-polymerization chip is shown in 
Table -3. 

[0088] Except having made addition of an example 9P stabilizer solution into the 100 sections after [ of a raw material 
slurry addition end ] the 50 sections and 85 minutes just behind the raw material slurry supply end, and having made 
addition of germanium catalyst solution into the 140 sections after [ of a raw material slurry supply end ] 30 minut s, 
melting polymerization reaction was performed like the example 1, and the prepolymer chip was obtained. The limiting 
viscosity of this prepolymer chip was 0.57 dl/g. In addition, the rate of the esterification of the reactant in the time of 
P stabilizer solution being added was % at the 84.8Eq of the times of the addition immediately after a raw material 
slurry supply end, and it was % at the 95.2Eq of the times of the addition 85 minutes after a raw material slurry 
addition end. Moreover, 92.3Eq of rates of the esterification of the esterification reactant in the time of germanium 
catalyst solution being added was %. Moreover, the minimum GP value in this melting polymerization was 125. 
Furthermore, using this prepolymer chip, except having made so I id- state-polymerization time into 25 hours, solid 
phase polymerization was performed like the example 8, and the solid-state-polymerization chip was obtained. The 
analysis result of this solid-state-polymerization chip is shown in Table -3. 

[0089] Except having considered as the 100 sections at the polycondensation reaction vessel, 5 minutes after moving 
addition of an example 10P stabilizer solution to the esterification reaction vessel after [ of a raw material slurry 
supply end ] 5 minutes and moving the 50 sections and the esterification reactant to the polycondensation reaction 
vessel, and having made addition of germanium catalyst solution into the 155 sections immediately after the raw 
material slurry supply end, melting polymerization reaction was performed like the example 1 , and the prepolymer chip 
was obtained. The limiting viscosity of this prepolymer chip was 0.57 dl/g. In addition, it was % at the 95.6Eq of the 
times of the addition 5 minutes after 87.6Eq of rates of the esterification of the reactant in the time of P stabilizer 
solution being added is % at the time of the addition 5 minutes after a raw material slurry supply end and they move a 
reactant to a polycondensation reaction vessel. Moreover, 84.7 Eq of rates of the esterification of the esterification 
reactant in the time of germanium catalyst solution being added was %. Moreover, the minimum GP value in this 
melting polymerization was 22.3. Subsequently, using this prepolymer chip, solid phase polymerization was performed 
like the example 8, and the solid-state-polymerization chip was obtained. The analysis result of this 
solid-state-polymerization chip is shown in Table -3. 

[0090] Except having added having applied simultaneously the P stabilizer solution 150 section and the germanium 
catalyst solution 140 section for 1 minute after [ of a raw material slurry supply end ] 10 minutes, and having 
performed addition of an example of comparison 6P stabilizer solution, and germanium catalyst solution, melting 
polymerization reaction was performed like the example 1 , and the prepolymer chip was obtained. The limiting 
viscosity of this prepolymer chip was 0.58 dl/g. In addition, 89.0Eq of rates of the esterification of the esterification 
reactant in the time of P stabilizer solution and germanium catalyst solution being added was %. Moreover, GP value in 
this melting polymerization was 0. Subsequently, using this prepolymer chip, solid phase polymerization was performed 
like the example 8, and the solid-state-polymerization chip was obtained. The analysis result of this 
solid-state-polymerization chip is shown in Table -3. 

[0091] Except having made addition of an example of comparison 7P stabilizer solution into the 100 sections to the 
polycondensation tub, 5 minutes after the 50 sections and the esterification reactant were mov d to th esterification 
reaction vessel by the polycondensation tub after [ of a raw material slurry supply end ] 85 minutes, and having made 
addition of germanium catalyst solution into the 140 sections after [ of a raw material slurry addition end ] 75 minutes, 
melting polymerization reaction was performed like the example 1, and the prepolymer chip was obtained. The limiting 
viscosity of this prepolymer chip was 0.58 dl/g. In addition, 95.2Eq of rates of the esterification of the reactant in the 
time of P stabilizer solution being added was % at the time of the addition 85 minutes after a raw material slurry supply 
end, and it was % at the 95.5Eq of the times of the addition 5 minutes after the reactant was moved to the 
polycondensation tub. Moreover, 94.7Eq of rates of the esterification of the esterification reactant in the time of 



12 / 16 



2003/12/05 13:12 



http://www4.ipdljpo.gojp/cgi-bin/tran^web_cgi_ejje 



germanium catalyst solution being added was %. Moreover, the minimum GP value in this melting polymerization was 
78.0. Subsequently, using this prepolymer chip, solid phase polymerization was performed like the example 8, and the 
solid-state-polymerization chip was obtained. The analysis result of this solid-state-polymerization chip is shown in 
Table -3. 

[0092] Preforming was fabricat d with the information-separator[ by Toshiba Corp. ]-60B typ injection molding 
a machine which set the t mperature of each part of a cylinder, and a nozzl head as 280 degr es C, and set the screw 
speed as the degree of di cooling water temperature of 10 degrees C for molding-cycle 20 s conds for 250rpm, and 
inj ction time 7 seconds using the solid-state-polymerization chip obtained in the example 1 1 example 8. Th analysis 
result of this preforming is shown in Table -4. In addition, this preforming excelled [ haze ] in transparency low, and 
th white blush mark or cloudiness which pose a problem were not seen. 

[0093] Subsequently, it is until the density at the nose of cam of the stopper section becomes three or more 1.375 
g/cm about the stopper section of preforming. After carrying out heating crystallization with an own-making 
crystallization machine, as conditions for preforming heating softening 130 degrees C and the preheating time for 
pr heating furnace temperature as conditions for a blow/heat setting for 20 seconds Set up 20 kg/cm2 and heat 
setting temperature as 130 degrees C, and set up heat setting time for the blow pressure in 10 seconds, the same 
und r tonus continue heat setting processing at blow molding, and according to a compressed air — metal mold — 
using the extension blow molding machine performed inside, blow molding and heat setting processing were perform d, 
and 300 micrometers of drum section average wall thickness and the heat setting bottle of 1.51. of content volum 
were obtained The analysis result of this heat setting bottle is shown in Table -2. In addition, the white blush mark 
from which this heat setting bottle is low, and a haze is excellent in transparency, and poses a problem was not 
accepted. 

[0094] moreover — although continuous molding of the 1000 heat setting bottles was carried out as a 
continuous-molding examination — injection — metal mold, and a blow/heat setting — contamination was accept d 
in neither of metal mold in addition, the case where continuous-blow-down fabrication of 1000 bottles is performed 
like the above except having not performed only heat setting processing — a blow — contamination was not accept d 
in metal mold Furthermore, although deformation of the bottle after filling up this heat setting bottle that carried out 
gas conditioning for three days under the atmosphere of the temperature of 23 degrees C and 50% of relative humidity 
with the mineral water cooled radiationally to 87 degrees C after carrying out boiling sterilization for 3 minutes at 100 
degrees C, and inverting for 15 minutes after sealing into it as a heat restoration examination was observed, 
deformation of a liquid spill, the stopper section, a shoulder, a drum section, etc., etc. was not accepted at all. 
[0095] the solid-state-polymerization chip obtained in an example 12 and the 13 examples 9 and 10 — using — an 
example 1 1 — the same — carrying out — preforming — subsequently the heat setting bottle was fabricated The 
analysis result of this preforming and a heat setting bottle is shown in Table -4. In addition, when which 
so I id- state-polymerization chip was used, preforming the haze excelled [ preforming ] in transparency low, and the 
heat setting bottle were obtained, moreover, the case where which solid-state-polymerization chip is used although 
th same continuous-molding examination as an example 1 1 was performed and the metal mold after fabrication was 
observed — injection — metal mold, and a blow/heat setting — contamination was accepted in neither of metal mold 
Furthermore, although the same heat restoration examination as an example 1 1 was performed, in the heat setting 
bottle using which solid-state-polymerization chip, deformation of a liquid spill, the stopper section, a shoulder, a drum 
section, etc., etc. was not accepted at all. 

[0096] Preforming fabrication was performed like the example 1 1 using the solid-state-polymerization chip obtained in 
the example 8 of comparison - the example 6 of 10 comparison, the example 1, and the example 7 of comparison. The 
analysis result of obtained preforming is shown in Table -3. Although high preforming of transparency with a low haz 
was obtained good when the solid-state-polymerization chip obtained in the example 6 of comparison and the exampl 
1 was used, when the solid-state-polymerization chip of the example 7 of comparison was used, obtained preforming 
became what has a high haze, after milking partially. With the solid-state-polymerization chip of the example 7 of 
comparison, to high-speed injection molding, Tm is too high, and it thinks because it was not probably fully able to 
fus within the making machine. 

[0097] Subsequently, the heat setting bottle was fabricated like the example 1 1 using preforming obtained from the 
solid-state-polymerization chip of the example 6 of comparison, and an example 1. The analysis result of this heat 
setting bottle is shown in Table -4. Although the high heat setting bottle of transparency with a low haze was obtained 
from preforming using the solid-state-polymerization chip of an example 1 good, on the whole, the heat setting bottle 
obtained from preforming using the solid-state-polymerization chip of the example 1 of comparison was milked, and 
the haze was what lacks in transparency highly. 

[0098] When it observed at which process a white blush mark would occur in the process which fabricates a heat 
setting bottle from preforming using the solid-state-polymerization chip of the example 6 of comparison, it turns out 
that preforming is already generated at the process which carries out heating softening with a preheating furnace. 
Then, except having carried out heating softening of the preforming slowly at low temperature like the conventional 
machine, having used the preheating time as 60 seconds having used preheating furnace temperature as 1 10 degrees 
C again from preforming using the solid-state-polymerization chip of the example 6 of comparison, like the example 
11, although the heat setting bottle was fabricated, the heat setting bottle which was excellent in the transparency 
whose haze value is 0.7% in this case was able to be obtained. 

[0099] moreover — although the same continuous-molding examination as an example 1 1 was performed and the 
m tal mold after fabrication was observed using the solid-state-polymerization chip of ah example 1 — injection — 
metal mold, and a blow/heat setting — contamination did not have private seals in all of metal mold Furthermore, 
when the same heat restoration examination as an example 1 1 was performed about the heat setting bottle obtained 
from the solid-state-polymerization chip of an example 1, although there was no liquid spill from the stopper section, 
deformation was accepted in the shoulder or the drum section. 
[0100] 
[Table 3] 
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[0101] 
[Table 4] 
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[0102] The sheet with a thickness of 300 micrometers was fabricated with 30mmphi extruder which set the 
temperature of each part of a cylinder, and each part of a nozzle as a part for 280-degree-C, screw-speed 60rpm, 
and extrusion-outlet/of 120g using the solid-state-polymerization chip obtained in the example 14 example 1. 
Although extrusion molding was continued continuously for 1 0 hours, most contamination of a cooling drum was not 
accepted. Furthermore, with the long biaxial-stretching machine (T. product made from M.Long) which set this 
extrusion sheet as 130 degrees C in the tub, biaxial stretching was simultaneously increased 3x3 times after the 
preheating for 2 minutes, further, heat setting was carried out for 2 minutes at 200 degrees C among the bottom oven 
of tonus, and the heat setting oriented film thick 30 micrometers was obtained. 0.71 dl/g and the amount of CTs were 
0.37 % of the weight, and the limiting viscosity of this heat setting oriented film was a film with the high transparency 
whose haze value is 1.0%. 

[0103] Fabrication of a heat setting biaxially oriented film was tried like the example 14 using the 
solid-state-polymerization chip obtained in the example 6 of example of comparison 1 1 comparison. When sheet 
fabrication with an extruder was able to be performed favorably and extrusion molding was continued continuously for 
10 hours, most contamination of a cooling drum was not accepted. However, when biaxial-stretching processing of 
this extrusion sheet was carried out, the heat setting oriented film which the sheet milked at the time of a preheating, 
therefore was obtained became what lacks in the transparency whose haze value is 7.6%. In addition, the limiting 
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viscosity of this heat setting oriented film was 0.71 dl/g. 

[0104] The cooling crystallization property (cooling crystallization peak temperature, a cooling crystallization peak half 
peak width, cooling crystallization peak inclination) was measured like the method shown in JP,61-391 83,B using the 
solid-state-polymerization chip obtained in th example 1 of example of reference 1 comparison with the DSC[ by 
PerkinElmer, Inc. ]-1B type differential scan type calorimeter, in order that measurement may remove th h at history 
of this solid-state-polymerization chip first — the — 10mg was correctly ****(ed) to th aluminum pan, the 
above-mentioned differential scan type calorimeter was loaded, and it heated to 280 degrees C by 1 6-degr -C 
programming rate for /, and it took out from the heating furnace, and the aluminum pan was quickly replaced on th 
griddle of ordinary temperature, and was quenched 

[0105] Immediately after loading the above-mentioned differential scan type calorimeter with this quenching sample, 
heating it to 280 degrees C by 1 6-degree-C programming rate for /and fusing it again, it cooled at -1 6-degree-C 
temperature fall speed for /. In addition, the measurement by -1 6-degree-C cooling process for /in temperature fall 
speed performed a full scale as 8 mcal(s)/a degree C, and measured cooling crystallization peak temperature, a 
cooling crystallization peak half peak width, and cooling crystallization peak inclination. 

[0106] Cooling crystallization peak temperature was shown as an intersection of the tangent in the rise of generation 
of heat, and each middle point of a downward curve, and was 1 74 degrees C. Moreover, the peak width corresponding 
to one half of the height of the height of the peak from a baseline showed the cooling crystallization peak half peak 
width, and it was 22.4 degrees C. furthermore — as the inclination of a tangent [ in / the middle point of the ascent 
curve of an exoergic peak / in cooling crystallization peak inclination ] — being shown — 0.022 mcal/sec2 it was . 
From the above thing, it has checked that this solid-state-polymerization chip was polyester which has the thermal 
physical properties shown in JP,61 -391 83, B. 

[0107] Subsequently, after having put this solid-state-polymerization chip 5.4g into 40ml the phenol / 
tetrachloroethane (3/2) mixed solvent, making it dissolve, stirring enough at 105 degrees C for 2 hours and cooling, 
the solution was put into the cell of 20mm thickness, and the solution haze was measured. The solution haze in th 
case of this solid-state-polymerization chip was 6.4%. 
[0108] 

[Effect of the Invention] Since crystallinity is improved to the conventional PET, PET of this invention is especially 
excellent in high-speed extension blow molding nature high-speed injection-molding nature or not only a 
high-speed-extrusion moldability but in in a high-speed extension moldability to suppress low the white blush mark of 
mold goods and the increase in a haze which are acquired by high velocity forming. Moreover, since the extension 
Plastic solid which consists of a PET of this invention, and the heat setting extension Plastic solid obtained by 
carrying out heat setting of it further are excellent in thermal resistance, the mechanical strength, etc., especially PET 
of this invention is suitable as molding materials, such as a fruit-juice bevel-use container with which thermal 
resistance is demanded. 

[0109] On the other hand, PET of this invention has few amounts of byproductions of the acetaldehyde at the time of 
high-speed injection molding, it is easy to lessen the acetaldehyde content of the Plastic solid fabricated and 
obtained, and since it excels in the mechanical strength etc., it is suitable as molding materials, such as a container 
for carbonated drinks with which reduction-ization of an acetaldehyde content is demanded, the case where it 
fabricates since PET of this invention has still few oligomer contents — metal mold — it can be hard to generate 
contamination, in case mold goods are manufactured, it is not necessary to wash forming equipment frequently, and 
the productivity of mold goods, such as a bottle, a film, and a sheet, can be raised 
[01 10] The industrial value of PET of the above point to this invention is high. 



[Translation done.] 
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777^1^. h iJ7;^7i-W777-f h&<h*© 

V^Ptf;U7v-y f ! *77x-h, ^;PT->-y K*7, 
7x— K -77*^*771- K t/^fM^?! 
-K ^:*^3S)l/*X:7i-h&£©&14'J >H7f 

ft<h*©UXb£fja*if?£l^. SSBWtt, ftJBM+oU 
^ifciitbt, ^m-&®w+, mio~ioo 

Olippm, »JL<ft2 0~2 0 0ilppm©i 
[0 0 3 3] #fc, l^»IibtyjKr7A^ 



20 



OPET*l:^3n4'J>HW. #fti-T^W^tl^> 
y*Jl/V->7A^fc:*rLT»»ltT, a#0. 3~1. 
50, ffJKSO. 4~1. 0«©«ffl<i:fc*«fc'5J:: 

[0 0 3 4] Sit, 
#?g93©PET©88jfft£LTTPA&£ffi^S4§-&t;: 

gp^PETBafB^O^SOBfMSrSiJffllT^^c*: 
IC <fc D , ffShiPETOAH S.flfPT* 5 Z. £ £ J?,<A 

GP = I (1-Ri /10 0) " 2 - 

±shs: (i) icfcv^x, Ri tty^v-^A^b^* 1 ^ 3i 
o, R2 ttU Xb^a^bPStt^MJ&^xx^Wb 
u Xb^/^iimx 5-u - * tc^D s «•& k «, 
insn*SJt;*oxX'f-;nt*Srfflv»4. 

[0 0 3 8] ±IE©5£ (1) (C<fc OtfflSftiG Ptt 

#^<@ffltt^icj;oT, *asw©p-ET*siii-r*ii « 

fr*3, yH-7A^WJ7^l) 

iraLTfc&l^. y^V-^A^^^'J Xfc^ttS:. 2 
|iI6t±C»^T*ttl-r*«-&^tt, #e>*l3PET©*S 

U ^©5^©*&'h£&GPtt#±j£©^Eft<i:&£ 



/0 

* [0 0 3 5] y^V-^A-fb-^-^U Xb"&<8J©^iPS 

P ET©-AH«/h$<)!3:*jW|p]fc&-5. LA*U PET 
4>lc^r*sn^yjUv-'7AS^'J >JS^©*g^, 
; Mi6©teffli:fc*J:3fc. y;pV->7Aft-&^U Xb 
.£«©*in*T?**U4\ #iC^;l/V-'7A'(b^ J ? 5 U > 

<b£^©S5;!ip«£'>ft< Lfc< £*>'. -enew^UPBt^ 

©«jHb©#-iCJ:oT, 2)c»WOPETS:tfafc#*21 

i [0 0 3 6] Sfc. y^^-^Afb^^u Xb^CD 
PET«rK#^0*liP«rlBtcHLTtt, J&2lPP3M8«, Z 

n 6 ^b-&^*^Dp £ n * b#^>t cd p e t mm#<D x x 5 1 - 
;Mb*£ixT*ssn*. y^v-^A^b^-^'J Xb 
^«©*iipsn-5PETweflEoxx7-jnb*©i6*t^: 

* W- ft tf lr» S £* X# 6 ft 3 P E T © A H tt/jN $ < fc 

jp$n-5B#*T©Sf£;#i©*xx^;Hb¥©3*fc— $tt 

<h, U Xb^^JP$n-5B$*T'©S^#I©*XX^ 

;Mfc*©ig»=**t©JS0*ft»tt (BIT, tgpMj 
a*, *£ttft«*#iAta<h\ #?>n-5PET© 

[0 0 3 7] ±|HGPffltt, y;UV->7A<b£4&<hU > 

Lfct>©T&9, 7)V V - -7 AftdttJWftn s ft 
•SB#*T©PETmIffi^©X7.5 : -;Hb*i:, U Xt"&» 

3&*ayrasn*«pj*T© p e Tiiftcixfjwt*^ 
e., Tte©ic (i) sjawrimiaft*. 

(1 -R 2 X 1 0 0 ) - 2 I (1) 

[0 0 3 9] £<E>IC, 3£ (1) IC*3^T, ?SfX.T^i)PB# 
*8*l5MTttfc < , mm<D P E TlMBfreoxx^Ht 

■7A<b-&^i'J Xb^Sr^*PLfc«-&tC«, |W|B#IC^ 
JPLTfe, B#K$^X.Ty;i/V--7A{b-&^i: , J >{b"& 

«&-tn-£tt$H*TayinLTt>. nensPETCAH 
t*ctttiaTa<. jsmi^oPETffiUBflsoxxT- 

[0 0 4 0] tATtC *»PETOSI&, m«f^ 
ft6j*iLTXgHby»l'V-'7A; ^«^JtLT'J>gES- 
fflV^T, TPAffilCctOfTP^^^^JtUT. $i('» 
kET^. *»B7l©PET*TPAffi{CJ:Oili3t-r-5SjB 

io^fnt-bi^^ £jgtt^p D pif^£t£&£*©®^ 
[oo4i] ig^^ma^isffitt, n&x^'j- 



so LT!B]B#[cf ; ft)n-5a-&^:ffiT*0. ISf^X^U— 
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(7) 

// 

E T £ £Jt>8M**S tfe * ffi L TS3 d°p £ T -5 i£fi T & S . 

PETOAH<£*jp-r-5;tie)»c«, »6^i;»#iii: 

3taoa»naiii««*-€-n-fn»w. ©asanas 
flanut-titf. «enaPETOAH«j:Qii^<tf«rr 

[0 0 4 2] @#-i£8ni3£ttffit4. S*4X^'J 

<tt¥a«bTfffcn*a^i9:fliT**fc8e>. it^a^ 

^SlS^iifetC^ffr-S. ^CIT, PET£!U# 
£JMUteflfl-?Mifi-r-5l6lc. PETOAHjtiW 
•*fc»Ktt, Ktt* 7 U -flK»#EJfrir is «fc 

j&Dgm^fStt. KJfc^Bf^xxxJMt^tfcofca 
PgT% rKfty^7-i?A^U >tt©«in*fT*.tf«fc 
dn^ojSijtrate, SJ&B^tSJfrfcoxx^Mb* 

14. S^coxx^Wb^S^BtWitfetc^fr-S 30 

< £ fcxx^JHbRfSltK 1 o&*U4. te8K>£5t 
jSWCifelJDU f»6n«PETOAH*J;0«*»<ttW 

«fc0» »&n5PET©AH*«fc9fi/2XfW»T*c:i 

coo4 3] j^0Xtt£j*iia£8M^i9#3aNMi 

»***fcttxg i u>^u =i-)imm, mz» s l< «x 
MW*«BJ8fcfc*»*a«*«3. unity & 

< ft -3 fc 0 T * * -5 tz tb . it fit 8 



/2 

/hS^xXT-;HtR*S«K:»LT«Jp-r**'&K:J4. 
fcWBttfcutf. xx^Mt*©*£v>EJ&&K8sin-r 

4«^C»4. 5J^#)OiD*5}-»t«t^XX5 1 ;Hk¥©(g; 

[0044] u >®e©x^u>^ij a-)immt, mi% 

A*Tfr*U>», «A.»48 5X-'J>»***Sr. U 

>Bf©ii*«i«o. 0 3-3. omm%mm£ti.z> 
v>. —&iky)i>-?-'i>i±e>x.^i>>yv a—jimmzm 

&®MTz>fi&. fcnua, —mityjw-^Kz— 

SO. 0 5~i.-0IIXOj8li:l8liftfcrlfty 
;|/Vx>>a©x5 l L^>^U=i-;^SE^ ^SJM-&lcffl 

l5AOX5 i U>^>j3-;P»*SWi!Ufc*^fcJ4. x 
IMbyjUvx^A©— ffiSfctt£ffi#X^>$ry 3 — 
Elfc LT. ^U3 + -> H^x^ 1/ > t*X^-+ «> K £ 

Jl/^fe. x^<t:yjl/-7X'>ACDX5 1 l/>^ , J n — 
[0 0 4 5] *«WOPET»C*^T»4, ¥fiZ&m\*fc 

f4, f£*A»S— «»CPETtrfflV»6tia4iftI©ft'&«|* 

KU^f L D->x^>, K^fn-^D/O, 

)Wl&&ffim{*, t'X7i/-Myyjyy*l-T 
x^«tt*S:#tf-SC:i:*iT€?). Cine. 3t^K±c[)^ 

*^bj© pet ^^figf ^.^^e y v-^fi^irM l 

T. a*l. 0^)V%&,T. »SL<(40. 5^^%^ 
E T tC±|2jg^gc7) 3 Wtl^±0^t^|^^S^$ 

[0 0 4 6] *»BJOPET{Ci3^Tt4. ittfC 
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u;i/&. ^.yv)V7)V^-)V, 7.7-7 *))i7)\>u-)Vtj. 

LT, SSI. O^XfiTF. *F*L<ttO. 5^% 

[0 0 4 7] JBUi, *B«^KJ:OJaiftSn*^U#U 
V-©lfcfi£*SjILl|M£. fe.ktfm-^AS^. U > 

[0 0 4 8] yi/#'JV-©AVlCO^TH M10 
-4 0 e q/ t on, jff £ L< 14 13 — 30eq/to 
n, 5-2 5eq/t on©eBl: 

[0 0 4 9] Vl/^UV- ©Ay©f&JPtt, «A^P 
ET©^K*-&TfTibttTV>5AV©ffflffll&, #J;U4, 

*^»a*^R*i^oaaE, Btwfc £*©«&« k .to 

4J«tt/*'J rfv— hT^xt F# 
fi^>/,J ^ I i«S6:«^l:tt. #f£BJ©P ET 

»4. yi/^uv-fyycaffii^MwisnT&s 

[0 0 5 0] Hffifi-&lCtt$n^7 p l/#U^-5 : --y7 p 

t4, *. 7mn.&tz\**m%'$m^%;&rt7^mn.TT' 

KISt, IBffiLfcfc'©T&oT i £>'«fc<^U 
*fe«tt»T. If 120~2 0 0t. »SL<IJ13 

o~i 8 or ©sane i#ra~4BSM8&ioaaLTfT3 

*Wtt»^*ffl«TTlt. 1 2 0-2 0 O-CWtSS 

ci#Mj^±ftinLTff 3 se>K:te. 7j<. 



(8) 

mrnvrz^ur^j^-^yf^. as 120-20 

. Ot©WEtl»WBt±*il*bTtf5ii:t>T*a. 7 
0 l~lll%, fc?£L<te.O. 1-0. 5M%©i@ 

10 [0 0 5 1] ±t2©J:3^7 P U*U-7-^^7 P ^ttS&$ 

S^It 19 0~2 4 0t, L < 14 1 9 5 - 2 3 5 

/cm 2 G~10mmHg, fifJKlt 0. 5kg/ 
cm 2 G~10 0mmHg©$frTT> ^Jft, 7^=T 

>, iiB*<t«*fc£©*ett#*»ifl«TT*«;in. 

MJEfeTte, JEE*JJ&<5i#0. 0 1-3 0 OmmHg, » 
SKIiO. 0 1~10 0mmHgfflMTtilSn 

20 ttfcPJjS* ®S 1 ~ 5 0 ftM; »S b < tt 5 - 3 

[0 0 5 2] ±E©«k 5.1: LTH6ftfc*5SBO PET 

7^;i/A, ->-h. *©ffiCD^«S*J*»V* 
~<h#T'#3. KPETS'>ft< tfe-tt^rS]iC 

M#-rs w £ <t o««W5iflcsa*-r* n <t#we 

PET^ <bKf& Lfzi/-h ^Jift® 8 b Tfc 

S£*«tO PET©->— hfiK^ffiff^SJCfflV^nTVi 

#5BU©PETtt. fi£*©PET©«Siltt!&«Bfe&SnT 
HSfcJ&K, »S»tt*#£fcV>Tt>jS'Btt©KV»*ffi 
#y-hm^^flT*S. S£#2SS«ft*©P 

n. *58W©PETo^7^<^»ari-€-n«ko 7 ot: 
Bv»s'a[oiBKK«-rfttffi<, a«7 o-i 6 or, 

£?£L<t49 0- 1 4 orcttffldtSJESn*. #5SBJ 
40 OPEttt. tE*OPETfcJt«LT»fttt««BkA*n 
TV^Sfc*. «E#©PET©«te«fcO;&Da*k — * — ©fi 
S*10~3 0tgaJ(»i:«gl,T. J;O@0$Fp1T* 

[0 0 5 3] M#«-«T^-ttT'fe^^^, »SL< 
147^ ;UA*ffl4fci4©^£±tt3£#T£5. ®#fg* 
(4, -tt5i#©^^T$)n«, If 1. 1-1 0«. «F 
5~8«©|gfflTff^, -«J3i#©«£T' 

so $,nt4, «e*[pj. st^isitwn^niti. i~8 
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a#0. 5-2, #3;L<«0. 7-1. 
[0 0 5 4] »&nfcBS#7^;kMi,- ^©itTftl 

-e#5£<. $e.tfi@^LT. mutt. 
s-ra^tte-e**. Jftastt. fflfir. mmTi 2 ox: 

-Bt&iSTcOiSa, !ftL<lil 50-23 0"C©3SB 
T, ffl«ft#M~ft«rM, »*U<»4*+»WI-*»IRI 
frtoti-5. ^JfcBMfcfcSirrSKa&oTtt, #fgaj 
©PETfr£^/£Lfc7U 7*-A£&#:/a-«L 
T&ifcOT?, tt*J:OPETflDK#^D— 

tlSrMD^U fry h/t'J V>ft**V»tt3— ;PK/^U 
[0 0 5 5] :/'J7* — £©J5fc»»K, AttWlCttfiJcH* 

«©-->u>^-*w*«t^/x;^^'f©iaKtt, a# 

2 7 0-2 9 OICOttHKIKfeSftStf*, -SStC, ^ 

fr£>. »e>4a%7 ,, J7*— A(D39ii4i5J:tffi£jgte75*& 
ff&T*«£tttffr>Mft#*£H93tt«. #5691© PET 
tt, a*OPETO*att35«*AiS.nTV»*fc»K:, 

[0 0 5 6] ^U7*-A?:-ttS#yn-«L.Tt 
S»J«»fl£i-r«l»©, IMSIifSOPETT'ffl^?, 

PET©#77>e&SK<t-^*lJ;D 5 or»V>fiflEOH 
■K»«fnttA<; If 70~140t, #£L<tt9 
0- 1 2 oroKHCKJt*^*. *»PETH 
Se*cDPETlctbtiLTieS14^ei:6$tiTVi-5fcJ&. 

fiBfe© P ETCDi&i 0 2Kl#&k— 10-2 

oGggiS&icisijgLT. «kD)B*lllTy>J7*-A© 

Sift. 5-3. 5 ft, njl*[^(C2~5ft 

[0 0 5 7] ft&n&<fgjftflM*f*. *Oi*«fflT* 
■SjW. »fc*?HJc». ^-a>&&£©£5tcgi3fc«t£ 

fflS. E£fc£*fc:«fc*SRBT» 10 0-2 0 
0*C, »SL<IJ12 0~18 0tT, »sB>M~»«f 
HU » * U < ttRtWW~»»IBff ton*. 

[0 0 5 8] *%BJ©PET&^ji)§gSP)c^L 
Tfc-S; jS#7-<;l'Affl*5I#^-h J ^iS#4 , ^)5)cfl5#: 
J9 7 U 7 * - A St E © £ "5 mW>W \Z *5 

^Ttt, dsc \zxm& l fc#fi*sa{tf6!» tf- * &g 



(9) 

/6 

OUT. rTcj Itl6 3~18 5t, 

JfSKdl 6 5-18 OtOlSBCJSS^t^ail 
V>. *5S9!K:*St»T, Tcitt, DSCiCTjS5i£i£#>& 

^fflmiKfria^ 5 . o m g **a* & 201c/ 
10 <Dm*m&f&w&&nmmftf&mz&K>'&z>z\EW®% 

[0 0 5 9] 

[0 0 6 0] (1) ti?AAj|?>KiS»l:»tSfl'7 
*JHftj0c#©«'-& (BIT. rTPA)£#»j tv»5) 

(2) ±z?*-)\>fctt\zn-? : &3-=J-V>>ft)u-)\>f$.ft 
©fij£- (£TF, TEG^SJ 

30 [0061] (3) ±1?*— iv^^zn-t^-J^vy 

yU3-M»©H6 («T. rDEG^lj in 

vvm\z^<o^.mvtzo 

(4) ^^IS3IL^{4tC^-r-5^-+->X5 1 U'>^-^-> 

5) 

Jtjfi©TPAJ$#*£EGlS#«£©«fc«k0#»fc 
40 [0 0 6 2] (5) £«jSM^L#(£K:*f-r*l, 4,. 

7- h»J^lf'\7'5'^5 L u>xU7^a'f ;^^ofiJ 

±se © t p a j&ftm t d e g f$.ttm t v m \z «t 0 

(6) *fi«flfl;«J»hr-^OS»* (BIT, [ A Hj t 
^3) . S*^ («T. TTmj t^o) . is«t^#fi*g 
IMbJSJfttr-i'fiS OUT. ttcj 
AH, Tm*3j;t>'Tc fi. DuPon tttS9 9 0 0 

010) s*^3tsj»jifn&fflv»T, *n*tiiwas 
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[0 0 6 3] (7) »tt31#Ml (KT, TCT 
ftj t^o) 

SS^2 0 0mg£\ 9 UUK)Vl*/'\3rV7 )V^TU-i V 
yp/ty-Jl/ CS«tt3/2) fitt2mlKiaSlU $ 
e(Ci7PD*;i/A2 Om 1 ^rJbP^T^-IRL^Co CltHC> 

JPA7 5 K2 5ml l:Sf»l/feSI:^V>T«#i'D7h 

[0 0 6 4] (8) '*sb*;p#*->;p*»« (£TF, 

TAVj £1^3) 

k» i.o omgj. ^>v;i/7;i/n-;u5m i \zmmm 

ML. Z.tl\Ztraafc)l&Sm 1 SrinJ^.Tff6IR*. 7i 
h*£Jf*2g£:U 0. lN-*SEfttMJ^ 

Wfi : eq/ton) ,. 

(9) £#;i^*->;v*i§g (£CF, rsvj <h^5) 

tm3 0 OmgtCO. 5N-*tft*'JfA/I^y- 
Jk«2 0 m 1 i3<fcOTO&7.kl 0 m 1 £iO*.T, *D^I 

U-iy^m^tLT. 0. 5N-JfiRK«J:OjS»*3£ ■ 
L, )£»Lfc (#& : eq/ton) . 
[0 0 6 5] (10) iXf^Ht* (BIT. IRj in 
5) 

±§2©AV<fcS VO^I^e., *5££ffll^Tg:aJL 
tz. 

R= (SV-AV) /SVX10 0 (*ft : 

(11) y;Uvn*AJBl^W« <£TF. fGeij £ 

PETS**} 2. Og$«#lET. SffitCctOBRft, 

HKSzMcTl 0 Om 1 tt&LtfbGHz^ 

(12) iJ>S^tl (RT, rp»j tlvp) 

[0066] (13) x mom 

XXm.m® («) 8*7-3>ta-^- (HGM-2 
Kg) *ffl^TJWSeUfc. 
(14) 7-fe K7^rk K^WS (KTF. Taa*j <h 

1 6 0 < CT2B#W*ttai^, ^*Xi7D-7 Ki7*^7T^M 

(is) *i§&ts.#.mm 

■^»ttSM*8S«tt. *te«FlW (lh.) SO 

mas dkg) ao©*aLfc»#**i»BE, 25 
[0067] mmm 1 

7-Uy^)im.8 4 5 0SE> X5 L I/>^'J P-JU3 7 5 0 
SB. i5«tr/vx7U>^ , J n— ;U6 OSK^b^t'SJl^X 
5'J-€\ .8M*T. 5 0"COjiKTW«L/fc. 



(10) 

» 6 C*fcf;* (2-tHD + ylfJH fV7^1/- 
h 3 0 Om&mHaLT\ 6 6 

0 k g/cm2 GlZ&WLtzJLX^MtfcfemiZ. ±m 

»7» v fiK*2 6 O-Cfcfiy^UfcS*, JE7J£0. 0 
5kg/cm2 GlrTtffc^SlT. S6K9'o»m«Rf 
LTR*S*itfTS-&. ^»3 4'0»IH|Ol^fMK* 

[0 0 6 8] ZOX.T.'rMkB.feom. 85%-U>f 

mS^OJiS^O. 3 2m»%T*-5U>SE©X71/> 
yj3-;WMK <«T. rp5fe^jB*ttJ i^3) 15 

os&. fc«fctf, xR^y^vz: x 

5 L U>^U3-)HC*a«JftbTBI«Ufc. ir>7Z7 
AUTOiSS^O. 6 0I1%T*5^7Z^AMI 
Olfl/>^ij3-MS (KTF, rGeMiiil £ 
^7) 14 0SB£. x^^;WbS*:*^*JnL.fc. 
20 [0 0 6 9] PfiftAHSttOfflpB. MfX?'J-ft» 

T^JfiU JR»X7'J-ttl&»7ififiHcttl 0 0S&> J3 
7 U -3sin^7 8 5 5 0 SE£. -ttl-^ft 1 

b#^t©r^ox7.7;wl*«> ^ u -«ie» 

7itt^O^JraPttt8 5. 2a*%T«0» MftX^V- 

Ge I^7'J-ftM7l osHgici# 

HjWtTasJPbfc. 34*. GetttatSttSiiPl^OXX^ 
30 ;HbS*B«©xxx;Kb*tt, 8 9. i^s%t#o 

[0 0 7 0] X7 > xJMbRJf4S7&, J5J£:f3©:£S£& 

1 0#M«#Lfc«, 2 6 0-t*6 2 8 Otitic 
ST 5 tit It. #JEa>«~>i*r#:MJEU 0. 5mmHg 

*7M7 7'I/^U-7-7-y7'$:t#fco J1-7*^U7 
40 -fy7 , CiE8Stt, 0. 5 8dl/gT*ot. ft 
*5. *r§^a-&lc4Dtt^*/jNCDGP{att3 8. 5T£o 
Ac. $&Kl£:7V#Uv-7 ft#«IMb«B 
(B e p e xttSC) IIT1 5 or CTttJMfc3ttfc&. 

mmmmm^mz^L, 2 ou* h^/kg/hwti 

gitfflT. 101 5 0*CT3KrlBH6j»». 2 1 5"CT2 0B# 
yco^Wi^m^^- 1 ('^7« 

[007 1 3 nmm 2 

p aa mmxv u -««»7iai: 5 

50 0SI5. SSX7 U — ^JDH7 8 5 W\%.^z 10 0 SBi L, 
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y:/©lflKli5flEtt. 0. 5 7d 

sptt, H*4X 7 U -**&H7tt«©*liP«rtt 8 4. 9 ^ 
Jgfi7 7'J-fW7 8 5 #«©8SJnP§tt 9 5. 

^©xxv^WtKJfc^oxx^Mt^te, 9 2. 8^ 

«XT»ofc.. £tz, **MB£fc*tt«*'h<BGP.« 

^x, s4ss£i$ffl'& 2 5 isiz&.f>utmmm 1 1 
[0072] mmm 3 

P£j£JW**©8silO&. H^7U-Mil7l 5fl« 
\ZX-7,J-MtRmmz 5 0 35, lX5\JWLE«4*H&filB 
£5fc»K»LT#S 5»«C««^Rrti:*K 1 0 Ogtf 
<kU GeflktKfllFttO«h«.' S»X7'J-«*6»7lft 
»K 1 5 5*£Lfc&a.tt. £K0U £R«HcbT*il 

uv-^yycoaisttartt. o. srdi/g?*? 

<=> 5#«©*iQfirtt9 5. 5S»%T'£ofc„ *jfc, G 

xf;wt$ii, 8 4. 8^»%t*oAc„ #i§s$ 

S-&lc43^-5ft/hcDGPfi«6 0. 8TfeoL 

[0 0 7 3] Jtttftl 1 

Ml 5 0ffi£Gettftgffln 4 0 fiB*|S|l5l::, 
U-tt*e»7 1 0fl-»fc l'#M3W*TSSiDLTfro££t 
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